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PROVED BY INDEPENDENT LABORATORY TESTS: 





42.97 9°Mel 


for FERROCARBO -TREATED IRON 


HOW TESTS WERE CONDUCTED 


These outstanding test results were 
obtained by one independent re- 
search laboratory on Molybdenum- 
Chromium Alloyed Gray Iron cast by 
a large Midwest foundry, using un- 
treated and FERROCARBO-treated 
iron of identical chemistry. 


m@ WRITE FOR MORE INFORMATION 


The 


FERROCARBO DISTRIBUTORS — KERCHNER, MARSHALL & CO., PITTSBURGH * Cleveland + Buffalo * Philadelphia * Birmingham « Los Angeles * Canada 
MILLER & COMPANY, CHICAGO «* Sr. Louis * Cincinnati 
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on how FERROCARBO produces more 
machinable iron regardless of metal 
composition. Ask for booklet 
A-1409, Electro Minerals Division, 
The Carborundum Company, Niag 
ara Falls, New York. 


ECTRO MINERALS DIVISION 


CARBORUNDUM 





Finer grained, denser, and stronger 
castings result trom FERROCARBO 
treated iron. This has been proved 
by comparative tests conducted in 
several independent laboratories on 
untreated iron and FERROCARBO 
treated iron of the same chemistry 
Rapid, controlled disintegration ot 
this patented cupola additive by 
CARBORUNDUM produces a more fluid 
iron and theretore a more machin 
able casting due to fewer segrega 
tions and chilled or hard spots. Make 
sure that FERROCARBO has a place in 


your production picture 


Too! wear tests were conducted with a single 
point “Carboloy” grade 44A tool on castings 
machined at commercial speeds. Flank wear was 
measured with a 20 power microscope 











Chemical Analyses 


Untreated 
Ferrocarbo" 
Treated 
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Cutting speed (ft. /min.) 
Feed (in. rev.) 
Depth of cut (in.) 
Wear Lond (in.) i 
Vol. of metal removed (cu. in 
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future meetings 
and exhibits 


AFS Executive Committee, Special 
Meeting. Dearborn Inn, Dearborn, Mich. 


7-8 . . AFS Board of Directors, Annual 
Meeting. Dearborn Inn, Dearborn, Mich. 


18-22 Illinois State Board of Voca- 
tional Education, Foundry Workshop 
University of Illinois, Urbana, Ill. Co- 
Sponsored by AFS 


SEPTEMBER 


7-12 American Chemical Society, 
Fall Meeting ( hic ago 


10-11 American Die Casting Insti- 
tute, Annual Meeting. Edgewater Beach 
Hotel, Chicago 


15-19 . . Instrument Society of America, 
Instrument-Automation Conference & Ex 
hibit. Convention Hall, Philadelphia 


22-23 . . Steel Founders’ Society of 
America, Fall Meeting. The Homestead, 
Hot Springs, Va 


22-24 . . Material Handling Institute, 
Joint Industry Fall Meeting. The Green- 
brier, White Sulphur Springs, W. Va 


23-26 . . Association of Iron and Steel 
Engineers, Exposition. Public Auditor- 
ium, Cleveland. 


29-Oct. 3 . . Association Technique de 
Fonderie de Belgique, 25th Internation- 
al Foundry Congress. Brussels and Liege, 
Belgium. 


OCTOBER 


6-8 . . National Association of Corro- 
sion Engineers, Annual Meeting, North- 
east Regional Division. Somerset Hotel, 
Boston 


8-10 Gray Iron Founders’ Society, 
Annual Meeting. Sheraton Park Hotel, 
Washington, D. C. 


13-18 . . National Industrial Sand Asso- 
ciation, Semi-annual Meeting. The Green- 


brier, White Sulphur Springs, W. Va. 


15-16 . . AFS Michigan Regional 
Foundry Conference. University of Mich- 
igan, Ann Arbor, Mich. 


16-17 . . AFS All Canadian Regional 
Foundry Conference. Royal Connaught 
Hotel, Hamilton, Ont. 


16-18 . . Foundry Equipment Manufac- 
turers’ Association, Annual Meeting. The 
Greenbrier, White Sulphur Springs, W. 
Va. 


17-18 . . AFS New England Regional 
Foundry Conference. Massachusetts In- 


stitute of Technology, Cambridge, Mass. 





18-21 Conveyor Equipment Manu- 
facturers Association, Annual Meeting. 
The Greenbrier, White Sulphur Springs, 
W. Va 


20-24 . . National Association of Cor- 
rosion Engineers, South Central Region, 
Conference & Exhibition. Roosevelt Ho- 
tel, New Orleans. 


22-23 . . National Management Associa- 
tion, Annual Meeting. Statler-Hilton Ho- 
tel, Los Angeles. 


27-30 Metallurgical Society of Amer- 
ican Institute of Mining, Metallurgical & 
Pe troleum Engineers, Fall Meeting Cart- 
er Hotel, Cleveland 


27-31 American Society for Metals, 
National Metals Exposition & Congress. 
Public Auditorium, Cleveland 


30-31 . AFS Purdue Metal Castings 
Conference. Purdue University, West La- 
favette, Ind 


31-Nov. 1 . . AFS Northwest Regional 
Foundry Conference. Multnomah Hotel, 
Portland, Ore. 


NOVEMBER 


10-12 . . Steel Founders’ Society of 
America, 13th Technical & Operating 
Conference. Carter Hotel, Cleveland. 


20-21 National Foundry Association, 
Annual Meeting. Drake Hotel, Chicago. 


DECEMBER 


3-5 . . American Institute of Mining, 
Metallurgical & Petroleum Engineers, 
Electric Furnace Steel Conference. Stat- 
ler Hotel, Detroit. 


3-5 . . National Association of Manu- 
facturers, Annual Meeting. Waldorf-As- 
toria Hotel, New York. 


9. . Material Handling Institute, Annual 
Meeting. New York 





The company is giving her a gold 
watch. She hasn’t missed a pay 
day in 25 years. 























































Here’s a conveyor that handles castings with 


Both operating and maintenance 
costs are low with Link-Belt 
Torqmount oscillating conveyors 


EFORE installation of Link-Belt Torqmount oscil- And their co 


originally used was often in need of repair, causing Link-Belt offi 
excessive waste of time and manpower. Torqmounts 
ended this problem. After long, rugged service they 
show virtually no wear... have required little 
maintenance. 

Long, trouble-free performance is but one of many 
benefits provided by Torqmounts. Their full-time 
positive action refuses to dampen under heavy surge 
loading conditions . . . material is conveyed uniformly. 
Power requirements and maintenance are minimized 
with Link-Belt’s unique torsion bar-spring action. 


conveyors. 






SHAKEOUT TO SORTING, hot castings 
ride gently, smoothly on this system 
of Link-Belt Torqmount oscillating 


FULL-TIME POSITIVE-ACTION, constant- 
stroke eccentric drive of Link-Belt 
Torqmount oscillating conveyors sup- 
plements natural frequency . . . pro- 
vides a powerful yet gentle upward 
and forward oscillating motion. Large 
volumes of material are moved in a 
uniform, continuous flow, regardless 
of surges. 


mpactness permits exceptional installa- 
lating conveyors, handling hot castings was a_ tion flexibility. 

continual source of trouble at Benton Harbor Malle- For full de 

able Co., Benton Harbor, Michigan. Equipment Link-Belt foundry equipment, contact your nearest 

ce. Or write for Books 2444 and 2423. 


tails on oscillating conveyors and other 



























LINX-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve Industry There Are Link-Belt Plants and Sales Offices in All Principal Cities. 
Export Office, New York 7; Australia, Marrickville (Sydney); Brazil, Sao Paulo; Canada, Scarboro (Toronto 13); South Africa, Springs. Repre- 


sentatives Throughout the World. 


Circle No. 402, Page 7-8 





August 1958 





14,862 





You can eliminate chilled corners and hard spots in gray 

iron castings with ladle additions of “SMZ” alloy. Machining rates 
can thus be improved by as much as 25 per cent, giving 

you more satisfied customers. 


“SMZ” alloy is the most widely used inoculant in the iron foundry 
industry. As little as 2 to 4 pounds of “SMZ” alloy per ton of iron 
are sufficient to eliminate chill in light castings. For harder 

irons of lower carbon and silicon contents, a larger addition 

of the alloy may be required. 


For information on how “SMZ” alloy can improve the machinability 
of your castings, contact your ELECTROMET representative. 
Ask for the booklet, “SMZ Alloy—An Inoculant for Cast Iron.” 


ELECTRO METALLURGICAL COMPANY, Division of Union Carbide 
Corporation, 30 East 42nd Street, New York 17, N.Y. 


TREATED 


These chill blocks show how “SMZ” alloy re- 
duced chill in a 3.15% carbon, 1.80% silicon iron. 


Electromet 


FERRO-ALLOYS AND METALS 


Si Site), | 
oF N54 =118) = 


The terms “Electromet,” “SMZ,” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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FOUNDRY FUTURE IS BRIGHT 


Your foundry industry is faced with a growth as inev- 
itable as birth and marriage. To prove it let’s consider first 
what population growth can mean to the foundry business. 

The Bureau of Census, with their usual cautiousness, pre- 
dicts this country will have a population between 207 
and 228 million people by 1975. We find, for instance, that 
there should be 14 million more people between the ages 
of 20 and 30 in 1975 than there were in 1955. A 66 per cent 
increase in 20 years! An additional one million extra people 
will be in the 30 to 40 age group, and as many as 33 extra 
millions less than 20 years old. In 1975 there should be 
nearly 50 million more people under 35 years of age than in 
1955. Think of the effect in new purchases these people will 
have and what effect this will have on the foundry industry! 

The 15 million additional people in 20 to 34 age class 
will be 15 million extra heavy consumers of foundry prod- 
ucts. This is the age span when people marry, travel, buy 
automobiles, homes, appliances—make the heavy purchases 
of their lives. If but one automobile is sold per year to every 
five of these people, it would mean three million automo- 
biles, or a 50 per cent increment to present production rate. 

Supplementing population growth as a factor affecting 
business is the tremendous increase in standards of living. 
This step-up in personal prosperity was made possible by 
our embracement of scientific research as a mode for 
economic and social progress. And it resulted in mech- 
anization and increased productivity of our industry and 
agriculture. Since 1929 the nation’s productivity has in- 
creased from 163 billion to 435 billion dollars on basis 
of current dollars in each case. A projection of this rate of 
increase would indicate that we reach a gross national prod- 
uct of 870 billion dollars in 1975—or exactly twice 1957 value. 

The present per capita consumption of steel per year 
is about 1150 lb; of copper, 29 lb; aluminum, 20 Ib; zine, 14 
lb. How, you might ask, will Americans manage to consume 
twice as much metal in 1975? 

Increased standards of living cause people to consume 
indirectly much metal that they never see. The metal to 
build factories to produce a variety of goods; the metal for 
machinery, power plants and transmission lines; for roads, 
bridges, ships, freight cars and aircraft—this is 
where the bulk of per capita consumption goes. 
And as our society gets more complex, it takes 
more “behind-the-scenes” metal to support the 
needs of each of us. All great technological 
promises of the moment, such as atomic energy, 
supersonic flight and automation represent huge 
“behind-the-scenes” metalcasting consumers. 

Population growth, productivity increase, 
standard of living rise and technological ad- 
vances will all contribute to a bright future for 
the foundry industry. 

Dr. C. E. WitiiaMs, 
President, Clyde Williams & Co., Columbus, O. 


| @ Excerpted from a talk presented by Clyde Williams at Foundry Ed- 
ucational Foundation 11th Annual College—Industry Conference 
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At last...A 
Bentonite plant 


completely equipped, 
ultra-modern, tully automatic 


to put uniformity 


under absolute control with... 


Central control room 
simplifies plant oper 
ation; gvarantees uni- 


form quolity 


FROM THE MINE TO YOUR PLANT 


Every detail of ADM’s new auto- 
matic processing plant was planned 
to insure absolute uniformity of ADM- 
FEDERAL GREEN BOND. Designed 
by foundrymen, for foundrymen, the plant 
is now in full operation concentrating its 
output on the foundry industry ... and 
offering the purest, highest quality Western 
bentonite available today. 


The new facility, located in Colony, Wyoming, 

more than doubles ADM’s previous capacity. Stock- 

piled for immediate processing are 150,000 tons of 

virgin clay, with millions of tons drill-tested for 
purity and ready for mining. 


Every chance of human error has been eliminated 
by the latest production control devices. All meas- 
uring and weighing is done by instruments, dryer 
heat is electronically controlled, material is 
handled by the most modern pneumatic and belt 
conveyors, and packaging is completely automatic. 
These are a few reasons why ADM-FEDERAL 
GREEN BOND Bentonite will provide more casting 
benefits per dollar than any binder of its kind. 
The Colony operation is further evidence of ADM’s 
determination to provide the foundry industry with in- 
telligent solutions to their casting problems. Talk to an 
ADM field service representative today and you Il see these 
attitudes reflected. Why not visit our new plant soon? 


The new bag design for 
ADM -FEDERAL GREEN 


Interior of processing 2 BOND Bentonite is now 


plant illustrates in-line ' labeled with the familiar 


arrangement of equip- - a Archer trademark, your 


ment. Dryer is shown ee Sir guarantee of quality.* 


in foreground 


Archer-Daniels-Midland, 


*Two first-place awards in 
the American Oul Chemists 
Society's Smalley Check 
Sample Competition have 
been won by ADM Control 
Laboratories. 


Clay Plant, new Bento- 


nite production layout, 
300 ft. in length, located 
on 100 acres of land 
in Colony, Wyoming. 


5553 
ai 
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Aarcher Daniels Midland company 
FEDERAL FOUNDRY SUPPLY DIVISION 


2191 West 110th Street ¢ Cleveland 2, Ohio 
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J. T. Osler, 73 retired board chair- 
man, Continental Foundry & Ma- 
chine Co., East Chicago, Ind., died 
July 4. 


J. T. Osler 


Dr. Vsevolod N. Krivobok, 65, a well- 
known authority on stainless steels 
and supervisor of the Stainless Steel 
and Heat-Resistant Alloy Section of 
the Development and Research Div., 
International Nickel Co., New York, 
died after a brief illness. Born in Pol- 
tava, Russia, Dr. Krivobok was a nat- 
uralized citizen of the United States. 
Prior to joining International Nickel 
in 1944, Krivobok had been director 
of research and chief metallurgist of 
Lockheed Aircraft Corp., Burbank, 
Calif. He was a member of the faculty 
and Professor of Metallurgy, Carnegie 
Institute of Technology, Pittsburgh, 
Pa., 1924-1940, while also serving 
as Associate Research Director for 
Allegheny Ludlum Steel Corp., Brack- 
enridge, Pa. 

Dr. Krivobok was a member of 
the Metallurgical Research Bureau, 
Carnegie Institute of Technology; 
Campbell Memorial Lecturer for 
American Society for Metals and pre- 
sented the Sauveur Memorial Lec- 
tures in 1939 and 1943. He was also 
chairman of the High Alloys Com- 
mittee of the Welding Research Coun- 
cil; a retired trustee of the American 
Society of Metals; and a member of 
the American Institute of Mining, 
Metallurgical, and Petroleum Engi- 
neers, American Society for Testing 
Materials, American Welding Society, 
British Iron and Steel Institute, and 
the British Institute of Metals. 


C. R. Lamphier, assistant core super- 
intendent, Gale Mfg. Co., Albion, 
Mich., died May 11. He was a mem- 
ber, AFS Central Michigan Chapter. 








V. Delport, 32-Year AFS 
European Delegate, Dies 


@ Vincent Delport, 69, having recent- 
ly resigned after 32 years as AFS 
delegate to the International Com- 
mittee of Foundry Technical Associa 
tions, died at his home in Surrey, 


? 


England, June 3. 





Vincent Delport 


He was past president, and treas- 
urer since 1956, of this remarkable 
organization comprising the technical 
foundry groups of 17 countries, and 
recording free interchange of tech- 
nical data and information unique 
among international associations. 

At the time of his death he served 
is director and treasurer, Penton Pub- 
lishing Co., Ltd., Westminster, Lon- 
don, England. 

Last vear, he was honored with 
an AFS Service Citation, “For distin- 
guished service to the Society as its 
European Representative, especially 
in connection with the International 
Foundry Congresses.” 

A past president of the London 
Chapter, Institute of British Foundry- 
men, Delport was recently recognized 
for his long, devoted service to I.B.F. 
and the International Committee 
through presentation of the institute’s 
Meritorious Service Medal. 

He was awarded the Gold Medal 
of the Association Technique de Fon- 
derie, in 1938. 

Born in London, Delport graduat- 
ed in metallurgy from the Ecole Cen- 
trale des Arts et Manufacture in 
1913. He spoke fluent French, serv- 


ing with the French army during | 
World War I, the French Military | 
Mission to the United States in 1917 | 
and with the French High Commis- | 


sioner in Washington in 1918; after 
which he joined the staff of the 
United States Steel Products Co. 

Combining the talents of linguist 
and diplomat with a broad knowledge 
of metallurgy and industry, Vincent 
Delport served AFS well as “ambas- 
sador without portfolio.” 
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. . » they have proved to be highly versatile and 


are widely used in quality wrought and cast steel ai 

and high strength cast iron. = 
Many producers use calcium silicon to make U ii F 
cleaner wrought steel. Its primary function is to 


deoxidize and degasify — the low melting deoxi- 
dation products formed readily free themselves 
from the metal. Particularly effective in con- te 
trolling type and distribution of inclusions in aa LAA 


bearing and aircraft quality steels, calcium silicon N+ 
also improves hot workability of stainless steel. RA - 4 
many? ‘ae ° 
In steel castings calcium silicon improves physical i \ 
properties by minimizing the tendency to form V\\ 
undesirable Type II inclusions. (Some foundry- 42 


men prefer to use calcium-manganese-silicon for 
this purpose — this more dilute alloy is less 
reactive and forms even lower melting point de- 
oxidation products. ) 


For high strength iron castings calcium silicon is 
an effective inoculant. It is frequently used as a 
ladle addition to low carbon equivalent iron. For 
certain ductile irons specifying low silicon con- 
tent, calcium silicon is sometimes used as the 
inoculant due to its lower silicon content. 


We maintain adequate stocks of lump and crushed 
sizes for furnace and ladle additions. Your order 


will be shipped promptly. 


"Age 
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SALES OFFICES 


Birmingham °¢ Chicago @¢ Detroit 
LosAngeles °¢ Philadelphia 
Pittsburgh © SanFrancisco © Seattle 
Denver @ Kansas City ©¢ Minneapolis 















A few cents per ton 
of metalis all... 


Famous CORNELL 
CUPOLA FLUX 


costs yet it gives you cleaner 
iron, better castings every time. 


“often imitated but never equalled” 


@ iF YOU MELT ALUMINUM 
OR BRASS...Try Famous 
CORNELL Aluminum or Brass 


Flux. Send for Bulletin 46-A 
r Bulletin “4 


Tee CLEVELAND FLUX Gunfauy 


1026-40 MAIN AVENUE, N.W.e« CLEVELAND 13, OHIO 


Manufacturers of Iron, Semi-Steel, Malleable, Brass, 
Bronze, Aluminum and Ladle Fluxes—Since 1918 
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Build an idea file for plant improvements. 
The post-free cards on page 7-8 
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HEAT REFLECTIVE CLOTHING 

. made of a new asbestos fabric fea- 
tures greater wear resistance, accord- 
ing to manufacturer, 168 per cent 
longer than clothing made of regular 
asbestos fabric. Said to provide great- 
er protection against splash and heat 
transmission, and to reflect 40 per 
cent of radiant heat. Complete line 


offered. Raybestos-Manhattan, Inc. 


For Manufacturer's Information 
Circle No. 445, Page 7-8 


LOW LIFT TRUCK... built to han- 
dle either pallets or skids. Auxiliary 
platform folds back and remains up- 
right so that operator-led truck can 
move pallets. Platform can be low- 


ered over pallet forks, converting to 
platform or skid handler. Available 
in lowered heights of 6-11 in. Auto- 


matic Transportation Co. 


For Manufacturer's Information 
Circle No. 446, Page 7-8 


CERAMICS ENGINEERING .. . ap- 
plied to foundry industry is subject 
of new process available to licensees. 
Cement and magneto chemistry is 
involved. Company officials state that 
the licensee is taught sufficient chem- 
istry to select propérly from the thou- 
sands of available materials. Cold- 
hard-HiUtek Div., United States 
Trading & Service Corp. 


For Manufacturer's information 
Circle No. 447, Page 7-8 


SAND CONDITIONING .. . ma- 
chine reportedly picks up sand con- 
tinuously from foundry floor, clean- 
ing, preparing and aerating it for 
reuse. Unit uses centrifugal force el- 


will bring more information on these new .. . 


evator which manufacturer claims 
takes no floor space from sand prep- 
aration components, allowing capacity 
up to a ton of sand per min to be 
prepared in small, self-propelled unit. 
Officials state that mold production 
increases and savings result from re- 
duced need for special facings, met- 
al salvage and reduced space usage. 
States Engineering Corp. 


For Manufacturer's information 
Circle No. 448, Page 7-8 


CERAMIC COATINGS .. . for ma- 
chinery, structural components and 
fixtures provide protection against 
high temperatures, corrosion shock, 
abrasion and fatigue. Manufacturer 
claims tests have shown some coated 
metal samples have fatigue life ten 
times longer than uncoated. Said to 
permit “low grade” metals and alloys 
to give much greater performance 
than the expensive untreated “high 
grade” materials. Bettinger Corp. 


For Manufacturer's Information 
Circle No. 449, Page 7-8 


MOLD WALL DEFLECTION 

of shell specimens measured with 
testing accessory for specimens heat- 
ed up to 2000 F. Measures mold 
wall movement in units of 0.0001-in. 
under static load range, 0.25-4 Ib. 
Includes furnace, pyrometer, power- 
stat for temperature control and spec- 
imen support. Harry W. Dietert Co. 


For Manufacturer's Information 
Circle No. 450, Page 7-8 


SURFACE INSPECTION .. . by 
spray-can dye method utilizing non- 
toxic materials. Cleaners and devel- 
opers made with chlorinated hydro- 
carbons. Oil-base penetrants have 
chlorine-free formulations. New prod- 
uct reportedly can be used for test- 
ing under conditions previously con- 


sidered a fire hazard. Magnaflux Corp. 


For Manufacturer's Information 
Circle No. 451, Page 7-8 


SELF-DUMPING HOPPER .. . de- 
signed for corrosion-resistant service 
features stainless steel liner said to 
resist corrosion of hot, cold, wet or 
dry materials. Hopper automatically 
dumped by releasing latch, after 





Stretch Your Dollars! 


Not your imagination. 

Keep the latest developments 

in metalcastings technology 

at your fingertips. 

Subscribe to MODERN CASTINGS 
TODAY 


Problems WEIGHTING you down? 


We'll help you solve them! 
CIRCLE numbers and letters on 
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which it rights itself and locks into 
position. Casters provide easy move- 
ment. Five sizes, 1/2 to 2 yard ca- 
pacities. Apex Welding & Fabricating 
Corp. 
For Manufacturer's Information 

Circle No. 452, Page 7-8 


SHAKEOUT . . . reported to achieve 
faster movement of flasks and sand 
molds from casting machine. Six de- 
gree starter deck speeds flasks or 
molds onto main deck, which slopes 
three degrees. Vibrating shakeout ac- 
commodates 24 x 20-in. flasks. Allis- 
Chalmers Mfg. Co 


For Manufacturer's Information 
Circle No. 453, Page 7-8 


CAR BOTTOM FURNACE ... needs 
neither pits nor rails below floor lev- 
el. Car is motor driven by rack and 
pinion to run car in and out of fur- 
nace. Heating elements mounted on 
side and back walls, and door of 
car. Time switch changes electrical 
connections to elements from Delta 
to Star to adjust to demand charac- 
teristics of foundry operation. Fan 
in roof of furnace provides circula- 
tion at lower temperatures (designed 
for 1800 F). Dimensions, 3x3x6 ft. 
Waltz Furnace Co. 


For Manufacturer's Information 
Circle No. 454, Page 7-8 


DRUM LIFT ... attachment for fork 
lift trucks or hoists makes drum lift- 
ing one-man operation. Designed not 





to mar drums, equipped with safety 
cable release. Capacity, 2000 Ib. 
Ladd Drum Lifter & Equipment. 


For Manufacturer's Information 
Circle No. 455, Page 7-8 


HEAVY-DUTY CYLINDERS . . . air 
and hydraulic, designed for use on 
automated equipment. Pressure rat- 
ings of 200 psi (air) and 1000 psi 
(hydraulic). Offered in sizes, 1-1/2 to 
8-in. bores, and five mounting styles. 
S-P Mfg. Corp. 


For Manufacturer's Information 
Circle No. 456, Page 7-8 


VERTICAL LIFTER-DUMPER ... 
can lift by skip-hoist 2500 lb to any 
practical height, dumping load at pre- 
scribed angle of 45 deg. Push-button 





valuable asset: RESHARCH 


One of Semet-Solvay’s most valu- 
able assets is its recently expanded 
research facilities at Ashland, Ky. 
The uniformity and high quality of 
our Foundry Coke is directly attrib- 
utable to the constant research vigi- 
lance exercised in every phase of 
production from mine to finished 
product. Here at Ashland, in a coke 
test oven the measurable qualities of 
our coking coals are quickly ascer- 
tained and mixes adjusted to insure 
a uniform high quality. 

No pygmy this pilot plant test 
oven, but a large capacity unit tak- 
ing a 700-pound charge. The large 
size makes certain there will be no 
loss of accuracy in the interpreta- 
tion of results because of too much 
scaling down. Thus the coal charge 
and the setting of standards for 
full-scale operation, as determined 


llied 


hemical 





by testing, are thoroughly reliable. 

Plans for the future call for a pro- 
gram of continued use of the pilot 
plant so that the cokes continually 
improve in uniformity. 

In addition to the high quality of 
the product, which stems from con- 
tinuous research, the purchase of 
your Foundry Coke from Semet- 
Solvay has many other advantages: 
Semet-Solvay plants and coal mines 
are strategically located to serve 
you. Availability is constant, thanks 
to Semet-Solvay’s extensive produc- 
tive facilities. Five coke sizes are 
available to meet the requirements 
of all sized cupolas and melting 
practices. And last but not least, 
we offer advice—a free metallurgical 
service department staffed by spe- 
cialized technicians. Their advice is 
yours for the asking. 


For Better Melting... 





NEW ASHLAND TEST OVEN 


Call your Semet-Solvay office today 
or write us directly for the complete 
story on Semet-Solvay Foundry 
Coke. You'll find it both interesting 
and profitable. 


SEMET-SOLVAY DIVISION 


DEPT. 520-B!I, 40 RECTOR STREET, NEW YORK 6, N.Y. 


Buffalo « Cincinnati 


Cleveland «+ Detroit 


In Canada: ALLIED CHEMICAL CANADA, LTD., Semet-Solvay Dept., Toronto 
Western Distributor: WILSON & GEO. MEYER & CO., San Francisco+Los Angeles 
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operation for “up,” “down” or “stop” 
operation puts operator in complete 
control. Complete dumping cycle can 
be made automatically. Company will 
custom design dumper to individual 
needs to lift and dump all types of 
containers and any free-flowing ma- 
terial. Essex Conveyors, Inc 


For Manufacturer's Information 
Circle No. 457, Page 7-8 


BARREL FINISHING . . . machine 
with barrel capacity of 13.8 cu ft or 
1000 Ib. Can be divided into two 
compartments. Adjustable speed from 
10 to 30 rpm. Offered either un- 





lined or with Neoprene lining. Ade- 
quate clearance provided under bar- 
rel for dumping the finished castings 
into containers. ALMCO, Queen 
Products, Inc 


For Manufacturer's Information 
Circle No. 458, Page 7-8 





CARBURIZING - NITRIDING FUR- 

NACE .. . gas-fired, designed for 

precision control of both atmosphere 

and temperature, is also useful for 

all types of general heat-treating 

MPLETE . th d f it! work up to 1850 F. Unit is said to 
co is e wor Or | H provide fast heat recovery, atmos- 
‘os 6 Os 2 eee we 8 oS 8.8 eo 6 OOO phere-tight seal and efficient opera- 
tion. Available also in a number of 

standard-size electric models. Pacific 


A Time Tested (Since 1940) Foundry Plan- programs are engineered by men who know Scientific Co. 
ning and Engineering Service to Guide Man- foundries. We can help you with: wt soy Yo 


agement to PROFITABLE Operation. 


As a Foundryman, you are doubtless aware 
of the industry’s many hazards and its sensi- 


1. Design and layout FLOW INDICATOR . . . for use 
2. Raw materials and their handling wherever there is circulating water 


or oil, indicates at a glance whether 


tivity to mechanical, human and economic 3. All production methods flow is — eo —— me 
under toughened glass dome said to 

elements. etal control for specific properties ite 
4M be clearly visible even in bad light. 


EXPERIENCE and KNOWLEDGE are 





: 5. Overhead and profits Foundry applications include water- 

ESSENTIAL in a business of this type, par- cooled die-casting machines, cupolas, 

. . & . . P . 

ticularly when new construction, moderniza- Let us inspect your plant and discuss your air compressors; and lubricating oil 

tion or expansion is planned. program with you, at no cost or obligation, of | to machine tools. Available for flows 

; 0.075-120 gpm in pipe sizes to 3 in. 

FODECO’s staff has been built to serve the Course. McIntosh Equipment Corp., Walker 
foundry industry in ALL of its functions. Our Telephone, write or wire Crosweller Div. 


| For Manufacturer's Information 
| Circle No. 460, Page 7-8 


MOLDING PRESS .. . 75-ton down- 
acting, hydraulic model offers con- 
trolled speed approach with step- 
less tonnage adjustment from 5-75 
tons. Designed for economical oper- 
106 South Hanley Road * St. Louis 5, Missouri * Telephone: VOlunteer 1-5277 ation on shop air line. Installation 
reportedly quick and_ inexpensive. 
Features electrical or steam-heated 
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platens with multiple platen arrange- 
ments. Working area, 13x13 in., 12- 
in. stroke. Allied Engineering & Pro- 
duction Corp. 


For Manufacturer's Information 
Circle No. 461, Page 7-8 


PREHEATED CUPOLA AIR... 
with fired heaters said to mak Inl- 
tial melt faster and give hotter iron 
while cutting cupola coke consump- 
tion 20-30 per cent. Furnished with 
burners and all necessary controls. 
Delivers air at 1000 F in 2-3 min. 
Brown Fintube Development Co 


For Manufacturer's Information 
Circle No. 462, Page 7-8 


VIBRATING FEEDER .. . is said to 
handle effectively foundry materials 
from heavy, sticky substances to light, 
dry foundry sand. Motorized, counter- 
weight feeder will feed direct from 
hopper or bin at a uniform rate. Man- 





ufacturer states that unit handles hot 
materials as well as abrasives, elimi- 
nating leakage and spilling. Reported- 
ly can be installed in almost inacces- 
sible locations. Available in standard 
widths of 2, 3 and 4 ft: lengths, 5-8 
ft. Capacities to 250 tons per hr. Link- 
Belt Co. 


For Manufacturer's Information 
Circle No. 463, Page 7-8 


ELECTRONIC RECORDING 
instrument for precise measurement 
of pressure, force, tension and weight. 
Foundry applications include record- 
ing weight of scrap charge for foundry 
furnace and weight of contents in stor- 
age tanks. Leeds & Northrup Co. 


For Manufacturer's Information 
Circle No. 464, Page 7-8 


SEIF-CLEANING BUCKET 
mounted on chain attachments is re- 
ported to efficiently elevate tempered 
foundry sand with complete discharge 
of material. Individual design said to 
assure proper stripper-plate move- 
ment. Chain mounted buckets an ad- 
dition to company’s self-cleaning belt 
mounted buckets. All sizes available. 
Pekay Machine & Engineering Co. 


For Manufacturer's Information 
Circle No. 465, Page 7-8 


TEMPERATURE MEASUREMENT 


. of any solid, liquid or luminous 


Production Foundry Reports: 





Amazing Results with NEW Fume-Free... 


FOUND 
BINDE 


“Our use of FouNDREZ 7605 has been extremely profit- 
able for us. Its fume-free property alone would justify 
its use... having solved a serious employee turnover 
problem.” This statement is made by Mr. William E. 
Virgin, factory superintendent of Samuel Eastman 
Company, Inc., Concord, New Hampshire. 





But that’s not all Mr. Virgin has to say about this 
Reichhold amino-aldehyde thermosetting core binder! 


“In addition, by converting to FOUNDREZ 7605, we in- 
creased our oven capacity by 75%, cut back our curing 
cycle by 50%, stepped up production per man-hour in 
the core department by 20%, reduced maintenance work 
on core-making equipment, reduced fuel oil cost and 
eliminated 85% of casting scrap caused by blows.” 


You can duplicate the savings made by the Samuel 
Eastman Company, which has been a manufacturer of 
fire fighting equipment since 1824. Use RCI Founprez 
7605 for core binding. Reichhold will deliver this unique 


REZ 7605 


...N0 smoke, drying 
cycle cut in half! 








liquid resin to you in tank cars, tank trucks or drums. 
Write to RCI for Technical Bulletin F-8 which gives 
full data on FouNDREZ 7605. 


REICHHOLD CHEMICALS, INC., 
RCI BUILDING, WHITE PLAINS, N.Y. 








REICHHOLD 


FOUNDRY PRODUCTS 


FOUNDREZ-— Synthetic Resin Binders 


COROVIT — Self -curing Binders 
coRCiment— Core Oils 


Creative Chemistry... Your Partner in Progress rf 
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“Why are so many PROTECTIVE features 
engineered into the new H-25 PAYLOADER?” 


This question is frequently asked of 
Ralph Beyerstedt, Executive Vice Presi- 
dent of The Frank G. Hough Co. be- 
cause of his more than twenty years of 
experience in charge of engineering. 

“During the development of the 
H-25,” Mr. Beyerstedt explained, “as 
soon as it became evident that we were 
going to obtain the increased capacity, 
production, ease of operation, speed and 
mobility we sought, our engineers then 
gave major attention to protective fea- 
tures for operational insurance against 
wear, maintenance, abuse, downtime and 
the like. 

“The more than 10,000 small HA 
“PAYLOADER’ tractor-shovels that we 
have produced for steel mills, foundries 
and chemical and fertilizer plants oper- 
ate under conditions which continuously 
subject the machines to dust, dirt, pow- 
der and foreign materials. 

“Because these are sources of major 
headaches for owners and operators,” 
said Mr. Beyerstedt, “we have given 
extra special consideration to elimina- 
tion of the problems they cause.” 


Dozens of Protective Features 

“Starting with the ¢riple air cleaning 
system (1) we have provided a pre- 
cleaner and dual oil-bath air cleaners 
for engine intake, and crankcase breather 
tube (17). 

“Next, each of the three oil systems is 
equipped with a cartridge-type oil filter 
(2). These take care of the engine oil, 
the hydraulic-system oil, the power-shift 
transmission and torque-converter oil. 

“The self-adjusting, hydraulic service 
brakes (3) are sealed and the parking 
brake is enclosed in the transmission, 
operates in oil for greater dependability. 


“The reservoir (4) of the closed, 
pressure-controlled hydraulic system has 
built-in cartridge-type filter and sealed 
dip-stick.” 


In discussing the components of the 
electrical system, Mr. Beyerstedt said, 
“There is a 12-volt system with the bat- 
tery grounded direct to the starter hous- 
ing; a non-vented, sealed generator (5); 
sealed ignition distributor (6); shock- 
mounted instrument panel (7) with 
solder-coated terminals and a_plastic- 
coated wiring harness (8); sealed cir- 
cuit breaker together with sealed ignition 
and starter switches (9) plus clutch- 
pressure warning device (18). 


"Sealed teflon bushings are used ex- 
tensively throughout with brake and 


transmission disconnect mechanism 
(10) and valve control mechanism (11). 

“These sealed ball joints (12) are 
used with gearshift linkage and sealed 
ball joints of a different size (13) are 
used with the accelerator linkage. 

“The steering linkage uses sealed ball 
joints on the tie rods (14), and on the 
drag link (19). The steering bell crank 
(15) is sealed, also the spindle and 
kingpin assemblies. 

“The boom arm mechanism has ta- 
pered roller bearings and dust covers 
on the bell cranks (16) and sealed 
mated bronze and steel bushings plus 
O-ring seals at all major pivot points.” 


Now, What About Production? 

The carry capacity of the H-25 
“PAYLOADER” is 2,500 Ibs.—25% great- 
er than has ever before been available 
in a tractor-shovel of its size and ma- 
neuverability, yet it easily loads and 
unloads box cars with narrow 6-foot 
doors. It is the only loader in its size 
range with complete power shift trans- 
mission—having 2 speed ranges forward 
and two in reverse. Power-steer is also 
standard so that operating speed and 
handling ease favors all-out production 
all day without operator fatigue. 

Other plus features of the H-25 that 
mean more production, less maintenance 
and longer life are the exclusive power- 
transfer differential, wet-sleeve overhead 
valve engine, full-shife fuel capacity, 
4,500 Ibs. of bucket breakout force and 
40° bucket tip-back at ground level. 

Your “PAYLOADER” Distributor wants 
to show you how the greater capacity, 
speed and handling ease of the H-25 
can cut your bulk-handling costs. Ask 
him about Hough Purchase and Lease 
Plans, too. The Frank G. Hough Co., 
71] Sunnyside Ave., Libertyville, Ill. 


8-A-1 


**PAYLOADER" is effectively shielded against dust, dirt and foreign materials. 





flame in the 1500-4000 F range 
without need for making emissivity 
corrections, manufacturer claims. In- 
strument designed to measure temper- 
ature of flowing molten metals or of 
moving objects in a furnace rather 
than the furnace temperature 

Radiation-ratio pyrometer consists 
of two units, a sensing head for de- 
tecting radiation, and a control unit 
which interprets the information. 
Shaw Instrument Corp. 

Circle No. 466, Page 7-8 


THREE-WHEELED FORK TRUCK 

, gas powered, features a clutch 
unconditionally guaranteed for 12 
months. New clutch offers lurch-free 


operation and five times longer clutch 
life. Five basic models, capacities 1500- 
3000 Ib. Mercury Mfg. Co. 

Circle No. 467, Page 7-8 


AIR PRESSURE LOSS .. . reduced 
in compressed air systems, by poppet 
valves which open and shut from 2000 
to 25,000 cycles per min in direct ratio 
to the pressure drop. This reduction 
of the line pressure loss reportedly 
offers up to 80 per cent more energy 
for foundry operations which are use- 
ing compressed air. L. C. Nesham 
Products. 
Circle No. 468, Page 7-8 


RADIATION PYROMETER 

gives 98 per cent of full reading in 
two seconds. Special unit for moving 
objects gives reading in 0.6 sec. Meas- 
ures radiant energy given off by hot 
objects. Can be used at greater dis- 
tance from hot objects than is possi- 
ble with the other types. Models 
cover temperatures 1000-3300 F. In- 
strument Div.,  Robertshaw-Fulton 


Controls Co. 
Circle No. 469, Page 7-8 


METAL PROTECTING . . . coating 
of wax for protection of metal parts 
against atmospheric conditions and 
handling. Manufacturer reports that, 


Circle No. 410, Page 7-8 











unlike present metal protectors, it is 
not oily or greasy and contains no 
resin or shellac, but combines pro- 
tection with lubrication while enhanc- 
ing appearance. Manufacturer claims 
material to dry tack free in 20-30 min 
at room temperature. S. C. Johnson 
& Son, Ine. 

Circle No. 470, Page 7-8 


HYDRAULIC TRIM PRESS .. . for 
trimming castings, swaging, stamping, 
blanking, drawing, shearing, etc. Fea- 
tures high-speed ram, up to 1300 in.- 
per-min. Shut height and position and 
length of stroke can be rapidly ad- 
justed by means of set collars. If cast- 
ing is cocked, press will not reach 
power stroke. Designed to be easily 
moved with lift truck. This model, 
25-ton press with stroke adjustable 
from 0 to 1300 in. per min. B & T 
Machinery Co. 
Circle No. 471, Page 7-8 


HEAVY-DUTY TESTING .. . ma- 
chine designed for Rockwell testing 
of long, heavy or bulky castings, dies, 
and shafts without resorting to port- 
able testers. Large table, 40 x 10 in., 
provided which is raised evenly 
against indenter by hand-wheel drive. 
Handles loads up to 550 Ib and ac- 
commodates work up to 27 in. below 
the indenter. Machine is manufac- 
tured in West Germany. Opto-Metric 
Tools, Ine. 
Circle No. 472, Page 7-8 


SAND STRENGTH .. . machine de- 
signed to handle testing requirements 
on all materials in foundry use. Manu- 
facturer claims machine offers great 
sensitivity, range and versatility in 
measuring the green and dry com- 
pressive, tensile and shear strengths. 
Accessories available for measuring 
and recording deformation or deflec- 
tion values of various molding, core 
and shell sands used in foundries. 
Harry W. Dietert Co. 
Circle No. 473, Page 7-8 


WOOD FLOUR .. . for use in sand 
molds and cores. Birchwood flour, 
said by manufacturer to be refined to 
exceptionally high purity and uni- 
formity, compensates for expansion, 
provides reducing atmosphere, aids 
sand flow around patterns, improves 
collapsibility, bonding and_ porosity. 
Flour is available in all mesh sizes 
and with desired moisture content. 
Testing samples will be sent on your 
request. Wilner Wood Refinery. 
Circle No. 474, Page 7-8 


INSPECTION LIGHTS .. . designed 
for use in industrial inspection equip- 
ment. Produce clear beam of light 
said to be free of filament shadows 
found in lights using flashlight lamps. 
Equipment designed for inspecting 








NOW...you cet 


SMOOTHER... 


STRONGER 
SHELL CORES 


(ANY TYPE SAND) 
WITH 


AMAZING...NEW 


DELTA 
SHELLKOAT FM WASH 





errosion or burn-in and 
smooth casting surfaces. 











Note how Delta SheliKoat FM Wash 
anchors itself to the surface by pen- 
etrating from 6 to 10 grains deep. 
This eliminates the possibility of sand 


insures 


gee Oe aS 


NOTE THESE ADDED ADVANTAGES: 


PLASTIC TYPE WASH — mix 
with water to necessary 
Baume. 

Coating is uniformly bonded 
and equally as smooth after 
hot or cold dipping (70 F to 
450 F). 

Highly Refractory 


And iT 2 EC 


i % 





> F 


a iene, in” 


No Runs 


No Buildups 


Washed surface is inert to 
molten metal. 


May also be used, with equal 
advantages, in coating con- 
ventional oil-sand cores. 


‘4 AA fA 
IOMIC! 


DELTA OIL PRODUCTS CORP. 
MANUFACTURERS OF SCIENTIFICALLY CONTROLLED FOUNDRY PRODUCTS 


Circle No. 411, Page 7-8 





seek fora Sample... 


Working samples and additional information 
on Delta ShellKoat FM Wash will be sent to 
you on request for test purposes in your 
own foundry. 


WISCONSIN 


eee ames 
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Made by REDA PUMP CO., Bartlesville, Oklahoma 


OO: RBS 20 SECONSS MADE Tals CORE 


Can you make an intricate pump diffuser core like this—in 20 seconds? You can if you use COz. 


The CO2 process insures accuracy and dimensional stability. At the same time, it saves 


money by reducing labor costs and by eliminating the risks involved in baking and handling. 


Write for our free report on other applications of the CO2 process. Our engineering staff 


is always ready to work with you. 


LiQguID 
CARBONIC 


DIVISION OF GENERAL DYNAMICS. CORPORATION 
Chicago 23, Ili. 
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LIQuID CARBONIC 


DIVISION OF GENERAL DYNAMICS CORPORATION 
3166 South Kedzie Ave., Chicago 23, Illinois 


Please send me a full report on core and mold making with CO>. 


Name 








Cc 





ad y 





Address 





City _Zone State 
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cavities in castings which could not 
otherwise be inspected visually. Avail- 
able with extension shafts, rotatable 
mirrors, magnifying lenses, and direc- 
tional caps. Self-contained power 
source. Welch Allyn, Inc. 

Circle No. 475, Page 7-8 


PLATFORM TRUCK .. . features 
clutching and shifting, said to reduce 
driver fatigue and maintenance to a 
minimum. Flat bed measures 78 in. 


behind engine enclosure, with space 
at right of engine for handling bar 
stock, pipe, lumber, etc. Capacity, 
4000 lb. Prime-Mover Co. 

Circle No. 476, Page 7-8 


MANUAL LIFT AND TILT .. . of 
steel drums and _ transporting over 
rough surfaces said to be accom- 
plished with ease. The manufacturer 
claims pneumatic tires and telescopic 
lifting provide unmatched versatility. 
Big Joe Mfg. Co. 
Circle No. 477, Page 7-8 


INTERIOR HARDNESS TESTING 

. of engine blocks, castings, ete. 
with new portable tester for accurate 
Brinell readings for hitherto inacces- 
sible spots, manufacturer claims. In- 
struments available for openings with 
minimum diameter of six in. for tests 
at a depth of 10 in. or more. King 
Tester Corp. 

Circle No. 478, Page 7-8 


VERSATILE FINISHING .. . of 
castings, as well as grinding and de- 
burring operations, possible with what 
manufacturer claims is a “seven in 
one” machine. Bench-type machine 
incorporates a cutting abrasive belt 
and a serrated contact wheel, with 
coated abrasive disc fastened to side 
of contact wheel, and tilting adjust- 
able table permitting square and angle 
grinding as well as chamfering and 
surfacing. 

Abrasive belt extension arms avail- 
able for roughing and finishing op- 
erations at the same time. Inside dia- 
meter finishing accomplished with 
coated abrasive sleeve on expanding 
rubber drum. Grinding wheels and 
wire brushes may be mounted and 
operated at either end of the motor. 
Curtis Machine Div., Carborundum 
Co. 
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@ In case you are trying to prognosSticate about the economic future 
you should enjoy this excerpt from a recent Chicago Tribune 
editorial titled the Lowdown on the Slowdown. . .. "it should be 
noted that a slowing up of the slowdown is not as good as an upturn 
in the downcurve, but it is a good deal better than either a 


Speedup of the slowdown or a deepening of the gown curve. «+... a 














that there is a letting up of the letdown." After all this gobbledygook, 
let's go fishing. 


@ Improved heat conductivity for epoxy resins has long been the goal of the 
manufacturers and a need of the foundry industry. Epoxy patterns get hot and 
stay hot when contacting hot molding sands; ergo, sand starts to stick to 
pattern. Epoxy dies for wax injection by investment casters conduct the 
heat away from the molten wax too slowly. Higher conductivity might even 
permit epoxy patterns to be used for shell molding. A prominent resin formu- 
lator has come up with a partial solution to the problem that shows promise. 
Steel fibers are given the optimum directional orientation for heat flow 
away from pattern surface by applying a magnetic field. With the fibers 
standing on end, liquid epoxy is poured around them. Fibers are locked in 
position by hardening resin. It is claimed that the resulting material has 
a heat conductivity equal to 304 stainless steel! 





























It might surprise you to learn that more magnesium 
goes into castings than into wrought products. In 1957, 
15,166 tons of magnesium castings were shipped compared with 
10,959 tons in wrought form. The casting total comprises 
7494 tons of sand castings, 885 tons of permanent mold 
castings and 2047 tons of die castings. 











U. S. Pipe & Foundry Co., Chattanooga, does not have the problem of 
sodium silicate bonded cores sticking to core boxes nor the Silicate 
building up in the box. Problem solution lies in the use of a rubber-base 
plastic coating instead of shellac. Moisture in COz sand will soften shellac 
but the plastic coating seals surface of core box against moisture. For 
release of core and to prevent build up, silicone is applied to core box 
about once a day. 














The AFS Malleable Iron Division has set out on an 
ambitious research project:—to develop techniques for 


producing heavy-Ssectioned malleable iron with casting 
sections in excess of 6 in. thick. Success in this program 


would give the malleable iron industry a real boost. 
Malleable applications could be broadened to include many 
cast shapes heretofore too heavy in cross section to 
solidify as white iron. 
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This hopper 
and your truck can 
cut handling costs 50% 


It’s a self-dumping hopper made 
for fast, efficient handling of wet or 
dry, hot or cold bulk materials, such 
as: 


Scrap Metal... Cinders 
Cullet ... Hot Forgings 
Punch Press Parts 
Soybean Meal... Pickles 


Hundreds of industries use thou- 
sands of them. Pick-up is swift and 
simple. Forks or platform of any 
standard lift truck slide easily into 
hopper underframe. Truck operator 
picks up loaded hopper . . . transports 
it to its destination . . . trips the latch 

. and the Roura does the rest .. . 
automatically. 


They’re strong . . . husky . . . made 
of 4:6" steel plate with continuous arc- 
welded seams. Also available in stain- 
less steel or galvanized. Made in five 
sizes, 14 to 2 yard capacities, with 
live skids or a choice of wheels. 


Standard models are available for 
immediate shipment from stock 


ROURA 
Se, PPE 
ay PER 


| WANT MORE DETAILS on how you 

| ne ne es 

| ettach it to your letterhead . . . sign your name 
- and moil to 


i ROURA IRON WORKS, INC. 
1414 Woodland Ave., Detroit 11, Michigan 5 


August 1958 * 15 





















Why buy a mullor that won’t aerate? 
only the SPEEDMULLOR aerates as it mulls! 


@ In the Speedmulior, the sand is not compacted be 
tween heovy stee wheels ond steel bow abil aele| 
sand is fluffed ond cerated as it is mulled high 


on the side of the rubber lined Dow 


Sand is mulled between rubber tired 
wheels and rubber ned bow are 
song groin crushing pertect squeez 
ing and kneading mulling action 
Another Speedmullor exclusive 

Precise control of mulling pressure 
through scientifically applied centrifu 
gal force — no dependence on hard 
to-odjus? springs where as ttle as 
4-inch misadjustment will mean an 800 


rebel isle Mela 23 1')s -2t jade), 


Highest hourly capacity with far higher 
procuction per multior doliar yer 
smalier batches that can be handled 


by for less costly hoppers, conveyors 


Only the Speedmu lor 
through dal ae elels asm lis 
merely Diow air 


mass 


Fast discharge required? The Speedmullor’s 
centr fugal mulling and side discharge mean that 
discharge can be accomplished in one-third to 


fifth the time required by old style mixers 


HOURLY CAPACITY — FULLY MULLED AND AERATED SAND 





— ™ oad Hourly capacity of typical core 
capacity o ical sys- . 
Speedmullor Model seated P y —— Y sands, facing sands, or hot 
tem sands not requiring cooling Ki : 
system sands requiring cooling 








Model 80A 76 tons per hour 38 tons per hour 
Model 70A 58 tons per hour 29 tons per hour 
Model 60A 38 tons per hour 19 tons per hour 
Model 50A 29 tons per hour 14% tons per hour 
Model 40A 19 tons per hour 9¥2 tons per hour 
Model 30A 13 tons per hour 6%2 tons per hour 








- nome to ulletin No. 122 a ee 
Write ow for B € C 0 OoREssive pe 
Beardsley & Piper Div. Pettibone Mulliken Corp BEARDS 


2424N. Cicero Avenue, Chicago 39, Illinois 
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product 
report 


Lubrication 


; was such a problem for D. J. 
Murray Mfg. Co., Wausau, Wis.. that 
the slides of the foundry roll-over 
machine, “soon became scored and 
rough to a point where it caused 
much vibration while in motion.” 
Problem was solved by the use of 
colloidal graphite dispersion. “dag 
5.” manufactured by Acheson Col- 
loids Co., Port Huron, Mich., was 


a 
> 
> 


Applying a coat of colloidal graphite 


lubrication to giant roll-over machine 


applied in a thin coat on the roll- 
over slides daily. Previous lubrica 
tion with dry graphite and rosin had 
both resulted in scoring 

The colloidal graphite dispersion 
markedly improved machine opera 
tion. Company officials report that 


have all but disap 


small scratches 
peared, and larger and deeper scores 
are filling up. One application of the 
lubricant is sufficient for 90 roll-overs, 
an average day’s operation. Sixtv tons 
of material are handled in eight hr 
day. 

The company has been using the 
lubricant on the roll-over machine for 
nearly two years and has reportedly 
made no repairs on it and are not 
expecting to make any for another 
two years 

According to a company spokes 
man, “the slides would have to have 
been replaced after six months of 
operation if we hadn't started vsing 
‘dag 35.’ They are in better condition 
now than they were after two months 
of use with the old method of lubri- 


cation.” 


Automatic stud driving 


machine for fixing studs in die 
castings uses the stud as its own 
tap. Studrive units, which were devel- 
oped by Studrive, Inc., Detroit, may 
be grouped about a single fixture to 
form a special machine capable of 
automatically placing as many as eight 
studs in blind holes in a casting. 
Company officials state this opera- 
tion is accomplished in less than one 














second; and that when a production 
run of a particular casting is com- 
pleted, the units may be regrouped 
to handle a completely different cast- 
ing. Studs may be driven within two- 


in. centers of one another. 





Vibratory hopper, top, supplies studs 


at pneumatic-actuated driving head 


Studrive officials report that their 
forces the stud into the 
casting in timed relation to its rota- 


machine 


tion; the stud being used as a tap 
to cut its own threads. If the prob- 
lem should arise, configuration of the 
units are said to allow grouping of 
eight units with one 
to drive studs around the points of a 
one-in. radius circle. The company 
claims the units to be adaptable tor 
driving studs in any casting in which 
all studs are parallel to one another. 

To join the units together, it is 
only necessary to mate the locating 
bosses and holes provided on each 
unit. Bosses may be bolted to the 
floor. Units are pneumatically driven 
from a standard 80 psi line; installa- 
tion is complete when air connec- 


another so as 


tions are made to each machine and 
a master valve. 


Vacuum sintering system 

. installed with novel arrangement 
of pumps and furnaces provides un- 
usual operating advantages for Wah 
Chang Corp., Glen Cove, N. Y. The 
system, set up by Rochester Div., Con- 
solidated Electrodynamics Corp., Pas- 
adena, Calif., includes two 300-lb 
capacity sintering induction furnaces 
served by four vapor diffusion (KS- 
2000) pumps and two Heraeus Roots 
pumps, and maintains a constant low 
pressure throughout the process de- 
spite large bursts of gas periodically 
given off by charges in the furnaces. 
The vapor pumps are connected to 
furnaces for evacuation. Roots pumps 
are mounted between and connected 
to both furnaces; valving results in 
efficient cycling in both furnaces. 





































FOUNDRYMEN... 
who look for quality 


look to...NATIONAL® 
Western BENTONITE 


Foundrymen, the world over, make qual- 
ity their first requirements in bentonite. 
NATIONAL Western BENTONITE... 
the product of quality ...conforms to 
these requisites. 





There is a good reason... NATIONAL 
Western BENTONITE is a single pur- 
pose bentonite produced exclusively for 
molding sand. It is carefully selected 
and quality controlled without addi- 
tions or adulterants from the mine to 
your foundry. 


When greater permeability, unusually 
good green strength, higher hot 
strength, plus a higher tensile strength 
are desired ...look to NATIONAL 
Western BENTONITE... to supply 

these factors... to comply with the 

most exacting specifications. 


NATIONAL Western BENTONITE 
is available from better foundry 
dealers everywhere. 




















Baroid Division—National Lead Company 
332 South Michigan Avenue, Chicago 4, Illinois 


*Trademark Registered U.S. Patent Office 
8 5836 









NATIONAL Western BENTONITE DISTRIBUTORS 


Alabama—Foundry Service Co., Birmingham. California—Independent Foundry Supply Co., 
los Angeles 22—Iindustrial & Foundry Supply Co., Inc. of California, Oakland. Iilinois— 
American Steel & Supply Co., Chicago 28—John P. Moninger, Elmwood Park—Steelman 
Sales Company, Chicago 4—Western Materials Company, Chicago 3—Marthens Company, 
Moline. Massachusetts—Klein-Farris Co., Inc., Boston 11. Michigan—Foundries Materials 
Company, Coldwater & Detroit—Warner R. Thompson Co., Coldwater & Detroit. Minnesota— 
Smith-Sharpe Co., Minneapolis. Missouri—Walter A. Zeis, Webster Groves. New Jersey— 
Asbury Graphite Mills, Inc., Asbury. New York—Combined Supply & Equipment Co., 
Beffele 7-G. w. Bryant Core Sands, Inc., McConnelisville. Ohio—The Buckeye Products 

ci ti 16—The Hoffman Foundry Supply Co., Cleveland 13. Oregon—la 
Sean Industrial Supply Co., Portlond | Pennsylvanio—Pennsylvania Foundry Supply & 
Sand Co., Philadelphia 24. Tennessee—Robbins & Bohr, Chattanooga 2. Washington—Carl 
F. Miller & Co., Inc., Seattle 4—Pearson & Smith, Spokane. Wisconsin— Interstate Supply 
& Equipment Co., Milwaukee 4. Canade—Canadian Foundry Supp & p #, Ltd., 
Montreal & Toronto. 
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@ The growing pains of the titani- 
w@ um industry have been replaced 
by the agony of a severe depres- 
sion. Expansion plans have been 
dropped, production has been cur- 
tailed, competing companies have 
merged, and future prospects have 
darkened. The present operating 
rate in the titanium industry is a 
much smaller percentage of ca- 
pacity than in the steel industry. 
Two of the government-sponsored 
titanium plants have ceased opera- 
tion. In the face of all these ail- 
ments, the industry has a good 
chance to recover its fortunes by 
developing a substantial additional 
market for titanium castings. 
The history of titanium as an 
industrial material of consequence 
began shortly after the close of 
World War II. Perfection of the 
Kroll reduction process coincided 


modern castings 


Division, 


FRANKLIN P. Hupp 
Conservation Specialist 


Secretary of Defense 
Research and Engineering 


itanium Castings ... 


IS THE TIME RIPE? 


New markets can lift titanium castings 
from severe depression to new expansion 


with the early encounter by air- 
craft engineers with aerodynamic 
heating achieved with turbo-jet 
powered aircraft at supersonic 
speeds. Inability of aluminum al- 
loys to withstand the moderately 
elevated temperatures of high 
speed flight made necessary the 
development of a light metal that 
could serve in this assignment. Ti- 
tanium was universally acclaimed 
as the most promising candidate. 
Indeed, it went from amateur stat- 
us to “middleweight champion” be- 
fore it had even entered the ring. 

There is a popular misconception 


How Its Dene 


i 


“2 
eel 


.  n_«~, 


that in some way titanium’s real- 
ized properties have fallen short 
of the advance publicity. For ex- 
ample, an article in Time Magazine, 
issue of Sept. 16, 1957, titled “Fias- 
co in Titanium?”, quoted one pro- 
ducer as saying that the metal was 
the “greatest fiasco in history.” (“It 
draws gases to it like flies to fly- 
paper; the cost is forbiddingl) 
high; and the strength-to-weight 
ratio is not everything it’s cracked 
up to be.” ) 

The fact of the matter is that 
titanium has gratified the highest 
expectations of the technical peo- 









ple in the Department of Defense, 
and among its contractors. The ti- 
tanium alloys available today are 
far better in quality, and rather 
lower in price, than the titanium 
metal on the basis of which the 
forecast of 35,000 tons of annual 
consumption was calculated some 
five years ago. 

Moreover, the outlook for the 
wrought forms of the metal is to- 
day still exceedingly promising. 
There is a whole new generation 
of excellent sheet alloys. They are 
being developed under the Depart- 
ment of Defense sheet rolling pro- 








gram—nearly ready for release to 
commercial production. An even 
better set of alloys, with higher 
strengths and other improved prop- 
erties, is under development for 
the next succeeding generation. 
But despite this gratifying physical 
improvement in performance, tita- 
nium has not lived up to our ex- 
pectations. It has not achieved the 
level of usefulness expected of it. 

It is germane to ask why. After 
all, other new metals are coming 
along whose future success will de- 
pend on the wisdom with which 
we guide their development and 
application. What went wrong with 
titanium? 


The Titanium Slump 

There are four principal causes 
of the slump in titanium usage. It 
will be helpful to enumerate these 
in order to have a realistic under- 
standing of the situation and pros- 
pects of the metal. And bear in 
mind, the future prospect for ti- 
tanium, we firmly believe, is still 
good. 

The most important cause of 
the titanium cut-back was a drastic 
reduction in the sheer numbers of 
aircraft being procured by the mili- 
tary services. This cut-back, attrib- 
utable to rapid advances in missile 
technology, increased unit costs of 
high performance aircraft, and ex- 
treme pressure for economy exert- 
ed on the military services, ines- 
capably meant reduced demand for 
titanium. After all, aircraft were 
and still are the principal outlet 
for the metal. It may be of interest 
that missile manufacturers are be- 
ginning to find the new high-per- 
formance titanium alloys of interest, 
however. For example, a compo- 
nent of one missile weighs 125 Ib. 
in steel, 80 lb. in aluminum and 
50 lb. in titanium alloy (6 Al-4 V). 

A second cause was the rapid 
and unforeseen development of 
high strength steels suitable for air- 
craft applications. (A plausible case 
could be made for the proposition 
that development of high perform- 
ance, precipitation-hardening stain- 
less steels was the direct conse- 
quence and a legitimate by-product 
of the government titanium pro- 
gram.) 

A third cause was the emer- 
gence of price as a major deterrent 
to the general use of titanium. 
While sponge prices moved stead- 





ily and impressively downward, 
spurred by reductions in the pric- 
es of high grade ore and process 
economies in the reduction plants, 
mill product prices were discour- 
agingly Anxiety of Air 
Force policy-making officials to 
hold costs of aircraft procurement 
within budgets led the service to 
reconsider some 


steady. 


previously - ap 
proved applications of titanium. 

A fourth principal cause for the 
drop in titanium usage is tied in 
with the trend toward welded and 
brazed honeycomb sandwich con 
struction for aircraft. The commer 
cially available titanium alloys are 
not yet as satisfactory as steel for 
this type of construction. Some of 
the newer alloys should help over- 
come this handicap. But during 
the period of this technological 
lag, aircraft designers have of nec 
essity turned to steel to provide 
their requirements of structural 
strength plus fabricability. 


Casting Opportunities 


As a consequence of these fow 
developments, the capacity of in- 
dustry to produce titanium sponge 
and shapes is greatly in excess of 
current demand for the metal. But 


What 9t Costs 


Diaphragm valve 


Unit price for 25 units: $37.50* 
Unit price for 50 units: $35.00* 
Unit price for 100 units: $31.25* 


*Prices based on casting weight of 1-1/4 lb 





weight, 1-1/4 Ib 





U. S. TITANIUM PRODUCTION AND CONSUMPTION* 


(in short tons) 





Sponge Capacity Sponge Production Mill Products Shipped 
1953 N.a. 2241 1114 
1954 N.a. 5370 1294 
1955 16,000 7398 1897 
1956 24,000 14,595 5175 
1957 27,700 17,263 5458 


*Source: “General Review of the Titanium Metal Industry” (MAB-47-SM), Staff Study by Paul Tyler, 
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a time of travail like this can also 
be a time of opportunity. It is our 
conviction that there are now 
sound and more compelling reasons 
for taking a careful look at the 
possibilities inherent in titanium 
castings, not only for aircraft use 
but also for many and extensive 
corrosion-resistant applications. 
The principle behind the casting 
industry is that a material is easier 
to shape as a liquid than as a solid. 
The principle behind rolling, ex- 
trusion and other methods of pow- 
er-shaping, is that deformation en- 
hances strength. Quite apart from 
the inherent difficulties of casting 
a reactive metal, there has not 
been much incentive to develop a 
titanium casting industry. The more 
attractive property of the metal 
from the outset was its combina- 


Prices listed for the castings 
below were quoted to Mar- 
quardt Aircraft Co. by Oregon 
Metallurgical Corp. Parts are 
now in use in a ram-jet en- 
gine. Titanium castings for 
civilian use are also nearing 
competitive pricing levels. 


*Prices based on total 
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Centrifugal pump, 3 parts 
Unit price for 
Unit price for 
Unit price for 100 units 


tion of lightness with strength. This 
focused attention on its application 
in aircraft. Development of titani- 
um was logically concentrated on 
wrought forms in which this prime 
property could be intensified and 
fully expoited. 

Comparatively little attention was 
given to the technology of cast- 
ing titanium. Not only did cast- 
ing pose awkward technical diffi- 
culties; the high cost of the metal, 
lowered strength of the cast prod- 
uct, uncertain quality of castings, 
high mold cost and high scrap loss 
(in conventional casting practice ) 
all offered serious obstacles. The 
only off-setting improvement in 
performance to be gained by over 
coming all these obstacles was in 
corrosion resistance. It is under 
standable indeed that the casting 


Oregon Metallurgical Corp. 
has produced a 5-in. OD x 
4-in. ID x 6in. long paper 
mill shaft sleeve with hard- 
ness over 300 BHN for $127. 
In stainless steel, part costs 
$120.00. 


total weight, 53-1/2 Ib 


25 units: $802.50* 
50 units: $749.00* 


$642.00* 


weight of 


Titanium Castings hor Chemical Sudustry 


— 


5-in. valve assembly weighs 160 Ib 


Pump impeller has 5-in. diameter 


Centrifugal pump component parts. 


Pump impeller resists corrosion. 


industry did not eye titanium with 
the same enthusiasm that inspired 
the aircraft industry and its sup- 
pliers. There have been a few iso- 
lated government programs in the 
development of titanium casting 
capability, and several private com- 
pany programs. But by and large, 
there has been no substantial ef- 
fort comparable with that directed 
toward wrought products. In short, 
titanium casting constitutes a ma- 
jor technological lag 
Lag in Casting 

It is time to inquire whether 
this lag is warranted by circum- 
stances; to determine what ob- 
stacles stand in the way of a full- 
fledged casting program in 
titanium; and to define appropriate 
measures of overcoming these ob- 
stac les 

To begin with, titanium in cast 
form is a lot more attractive than 
it was ten years ago. When prop- 
erly alloyed, the metal offers 
strength levels comparable to the 
best cast steels. It yields a 40 per 
cent dividend in weight. Corrosion 
resistance of titanium tar outstrips 
that of the best steels in many 
extreme environments. Cost influ- 
ences are coming to bear on titani- 
um to make it more nearly com- 
petitive with less noble metals. 
The literature abounds with in- 
stances in which titanium has suc- 
cessfully replaced other materials 
costing one-third as much, or less, 
and by outlasting them by factors 
of 10 or 100 has saved the user 
many times the added initial cost 
of the titanium. 

Examples of successful appli- 
cation of titanium in corrosive en- 
vironments were recently presented 
to the National Association of Cor- 
rosion Engineers at the March 
Meeting in San Francisco, by A. 
G. Caterson of Rem-Cru. Applica- 
tions included equipment for Free- 
port Sulphur Company's Cuban 
nickel plant to handle a “corrosive 
and erosive slurry of dilute sul- 
phuric acid with metallic ions,” a 
titanium impeller exposed to “10 
per cent sulphuric acid solution at 
600 psi pressure and 400 F.,” an 
impeller in a “solution of organic 
chlorides containing 3-1/2 per cent 
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hydrochloric acid at 125 F.,” a 
heat exchanger handling “a 15 per 
cent solution of sodium hypochlo 
rite,” a ‘top hat’ condenser “oper- 
ating in 60 per cent nitric acid at 
480 F and 300 psi pressure,” plates 
in a calcium hypochlorite filter 
press, pumps and coils to handle 
ferric chloride, and a number of 
others. 

Caterson, whose paper will short- 
ly appear in Corrosion Magazine, 
presents a number of specific cost 
analyses to demonstrate that selec- 
tion of titanium at higher first cost 
can often pay for itself rather 
quickly in terms of greatly im- 
proved life or reduced maintenance 
in corrosive environments. 

Other savings were found in de- 
creased wall thickness, elimination 
of the need for standby equipment 
and security from contamination of 
a costly chemical product. He con- 
cludes that because such corrosion 
analysis takes time, “we believe 
that now is the acceptable hour to 
begin evaluation of titanium equip- 
ment” in chemical, food, petroleum, 
and marine applications where cor- 
rosion is a problem. 


Similarity to Magnesium 


Then too, there is reason for 
preserving and strengthening our 
titanium industry. Like magnesi- 
um, titanium is one of the truly 
inexhaustible materials in the 
earth’s crust. We have hardly 
scratched the surface, yet we have 
found reserves of high grade ti- 
tanium ore sufficient to last us for 
decades. One established conserva- 
tion principle in the Department 
of Defense is that we should strive 
to put to best use every elemental 
atom at our disposal. It follows 
that the ability to exploit a new 
abundance, which titanium cer- 
tainly is, is an ideal conservation 
attribute. Furthermore, the avail- 
ability of various alternate mate- 
rials with overlapping properties 
and capabilities, each abundant 
enough to satisfy all users, increas- 
es our flexibility. 

In another respect, titanium re- 
sembles magnesium. Levels of pro- 
duction of magnesium were very 
modest up to the beginning of 
World War II; between 1939 and 


1943, 15 magnesium plants were 
constructed—largely with govern- 
ment money —until production 
reached a peak of 183,584 tons 
and an annual capacity of nearly 
300,000 tons. Consumption, how- 
ever, never exceeded 132,698 tons 

its wartime peak. After the war 
ended and government support for 
magnesium was withdrawn, the in- 
dustry continued on a much lower 
level. Wrought products and pow- 
der became of proportionately less 
importance while castings became 
the mainstay of the industry. (See 
Table). Thought should be given 
to the motives that led to the live- 
ly action in magnesium casting, in 
order to ascertain whether the 
same reasoning is applicable to ti- 
tanium today. 


Obstacles to Growth 


In time, wrought magnesium 
products may again assume a posi- 
tion of dominance. The thorium- 
zine alloy has enhanced the metal’s 
properties in sheet form at moder- 
ately elevated temperatures and 
the HAE coating, developed by 
Frankford Arsenal, has improved 
its durability in corrosive environ- 
ments. Nevertheless, die-cast mag- 
nesium also shows high promise of 
growth, and in general it may be 
said that the magnesium industry 
has a promising and healthy future 
prospect. Castings as the mainstay 
have kept the industry alive over 
a rocky transition period. There is 
no reason to suppose that improve- 
ment and enlargement in the 
wrought sector will be at the ex- 
pense of castings in the future. If 
castings can play a similar role in 
titanium, the foundry industry will 
benefit—and so will the wrought 
titanium industry and nation at 
large. We believe it is worth a try. 

There are several obstacles to the 
growth of a titanium foundry in- 
dustry. Two factors stand out as 
warranting extended discussion: se- 
lection of non-reacting mold mate- 
rials and cost of the metal itself. 
Other obstacles exist, but can be 
covered more briefly. For example, 
the need for an inert atmosphere 
will probably always be inherent 
in titanium casting. However, vac- 
uum metallurgy and inert atmos- 











phere metallurgy are becoming 
more and more widespread with 
each passing year. It is still a tech- 
nique reserved for specialty alloys, 
but an ever-growing list of appli- 
cations have been found to justify 
specialty alloys on an economic 
basis. 

Familiarity with the techniques 
and availability of the equipment 
for this type of melting are lead- 
ing to progressive reductions in 
cost. In essence, the inert atmos- 
phere requirement is a burden to 
be carried and one that necessi- 
tates economic evaluation to deter- 
mine whether the added cost is 
justified in terms of superior per- 
formance of the product. But where 
cost is justified, inert atmosphere 
handling is not necessarily an ob- 
stacle. 

Similarly, machining of titanium 
is a specialized technique; but once 
learned it imposes no unusual bur- 
dens of cost or special equipment. 

A more serious obstacle is the 
ready reactivity of the metal with 
most conventional mold materials, 
especially in view of the high melt- 
ing temperature of titanium. This 
temperature can be expected to 
drop somewhat as improved cast- 
ing alloys are developed. The pure 
metal melts at 3035 F., but the 
alloy 6 Al-4 V melts in a range 
between 2786 and 2976 F. Other 
alloys with lower melting points 
can be expected to make their ap- 
pearance as casting of titanium be- 
comes more general. 


Mold Materials 


For mold materials, the most re- 
liable is machined graphite. This 
material holds a close tolerance, 
may be re-used a number of times 
and imparts only slight surface 
contamination. Unfortunately, it is 
an expensive material to use and 
is limited in size of casting. It 
should be regarded as a starting 
point. In applications in which ti- 
tanium enjoys clear and marked 
superiority over competing met- 
als, castings in machined molds are 
already proving their worth. 

But isolated or individual com- 
pany successes have been reported 
with a number of other mold ma- 
terials, including rammed carbon 
molds, shell molds of carbon bond- 
ed with phenol formaldehyde, zir- 
con shell molds washed with 
graphite, and zircon impregnated 





or bonded with titanium powder to 
make an oxygen-deficient ceramic. 
Enough work has been done to es- 
tablish that wide ranges of quality 
are possible and that quality of 
titanium castings is related to cost. 
A low-cost, rough-surfaced _titani- 
um casting is feasible of produc- 
tion at a very much lower cost 
than the high quality, machined 
graphite mold product. 

The cost of the titanium metal 
used in casting is also subject to 
considerable variation. First, there 
is the variation in quality of scrap. 
Most work to date has been done 
with good quality sponge as melt- 
ing stock. Inherent in the present 
situation is the possibility of ex- 
ploiting the availability of low- 
grade sponge and low-grade scrap 
for the production of castings hav- 
ing reasonably adequate strength 
(relative to, say, cast iron) with 
very superior corrosion resistance. 
Many of the applications suggest- 
ed for titanium castings in the 
chemical industry, to cite only one 
obvious and outstanding example, 
are not very highly 
Achievement of a_ reasonably 
sound casting in titanium, using 
low-grade scrap and rammed car- 
bon mold, should bring the product 
down almost within reach of stain- 
less steel. In view of the very long 
life of titanium in corrosion serv- 
ice, the favorable economic posi- 


stressed. 


tion of such low-cost castings is 
obvious. 

In one further respect, an econ- 
omy may be achieved. Consider- 
able metal is tied up by present 
casting practice in the form of 
gates, sprues, and risers. With an 





Pad longeron is titanium casting. 


Inner ring stiffener is another use. 
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U. S. MAGNESIUM SHIPMENTS 1955-1957* 








(short tons) 
Primary 
Casting Wrought Ingot 
Sand Perm. Mold Die Total Forms Production 

1955 7911 3074 2958 13,944 10,586 61,130 
1956 8301 1159 2451 18,083 12,692 68,347 
1957 7494 885 2047 15,166 10,959 78,865 
*Figures from Table lied by The Mag Association 
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expensive metal like titanium, con- 
siderable research would be justi- 
fied into unconventional ways of 
getting the metal into the mold. 
Added costs of mold design and 
pouring arrangements might more 
than be justified by reduced re- 
quirements for melting stock. Com- 
paratively little evidence of inves- 
tigation in this direction has ap- 
peared in the literature. 


Department of Defense 


In the event that an attractive 
military application, such as would 
require titanium casting, is present- 
ed to a military department, addi- 
tional research related to the end 
item in question might well be jus- 
tified; moreover, if a number of 
such items should be proposed, mil- 
itary research in titanium casting 
methods could be undertaken at 
a much more substantial level than 
at present. 

One final note. The question may 
be asked as to whether the De- 
partment of Defense has _ estab- 
lished any policy with respect to 
titanium casting, or the preferential 
employment of titanium in military 
equipment. This is a complicated 
question, but one that can be an- 
swered. First of all, the Depart- 














ment of Defense has a definite pol- 
icy that research in any material 
should proceed without any restric- 
tion based on considerations of rel- 
ative availability of current supply. 

The fact that titanium is a small- 
volume material does not inhibit 
research into potentially massive 
military uses for it. Secondly, our 
policy requires that, within the 
limits of practicality, the material 
that contributes essential perform- 
ance characteristics to an end item 
shall be used for that item. Third, 
we follow the practice that the en- 
tire cost of the item, including both 
initial purchase price and mainte- 
nance for the life of the item, is 
to be considered in developing its 
specifications and design. We do 
not have any special policy that 
requires a preference to be given 
to any material over another with- 
in limits of availability. 

We believe that military designs 
and engineering and scientific de- 
velopments should not be compli- 
cated with considerations of eco- 
nomic health of any particular in- 
dustry. But where a material can 
do the best job, that is where we 
want to use it. We believe that, 
measured by that standard, titani- 
um castings have much to offer. 


Titanium Castings 
hor Aircraft 


MOLDING PROFIT CYCLE 


Dumping mixed sand into hoppers 
on mezzanine floor level above the 
core shooters. CO. gas is piped 
from bank of cylinders on right to 
machine below 


gas-rolli-Oover-ar3aw 





J. N. CARTER 


Works Manager 
American Foundry & Machine Co 
Salt Lake City, Utah 
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Mold shooting, CO2 gassing, stack molding 
are combined at American Foundry & Machine 


Mold shooting —COe2z gassing — 
wy stack molding . these three 
techniques have been combined at 
American Foundry & Machine Co. 
for high speed production of molds 
for steel castings. Much of the 
equipment needed for this process 
was built right in the plant by our 
own personnel. 

{ complete, ready-to-pour, mold 
section is made every minute with 


Core shooter is located 


directly below hopper. 
Operator is actuating 
shooter and it will fill 
mold box. Also shows 
complete _ unit-shooter, 
drag-out conveyor and 
gassing-roll-over-draw. 


this new installation. Mold is shot 
in 30 seconds with a core shooter; 
it is then transferred to a gassing 
machine which rolls over the mold 
simultaneously with COs treatment 
Cope and drag patterns are drawn 
away and mold is ready for stack- 
ing. Each mold section is really the 
equivalent of a complete mold since 
the lower face forms the cope and 
the upper face forms the drag 


First step in making 
mold is to spray 
the pattern and box 
with silicone parting 
agent to prevent 
sand from sticking 
Note the drag-out 
conveyor designed 
to move mold from 
core shooter to gas- 
sing-roll-over-draw 
machine on right. It 
takes only seconds 
to prepare the pat- 
tern and shoot-mold 


for high speed production of steel castings 


Sand preparation for the system 
is fully mechanized and automated 
Sand is drawn from silos, weighed 
in an activator set on load cells, 
pneumatically transported to mix- 
ers, and blended with sodium sili- 
cate binder. 

The following picture sequence 
illustrates the essential steps in the 
shoot-gas-stack system at American 
Foundry and Machine: 


Box is inserted in gassing-roll-over- 
draw machine. This machine clamps 
mold in position, gasses at 100 psi 
for 14 seconds, rolls over mold 
and draws it from the pattern. Total 
elapsed time for this sequence of 
operations is just 30 seconds. 





Variety of patterns used in COs stack molding. 


Ten molds stacked on special clamps for delivery to the 
pouring floor. Number of molds stacked varies with 
different jobs. Weight of individual mold sections used 
at American Foundry & Machine Co. vary from 20 to 
55 |b. Rig facilitates quick, positive clamping and easy 
handling by crane. Note paper plates used on the pour- 
ing cups to keep dirt out of finished mold assemblies. 


Pouring stacks with steel from bottom pour ladle. 
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Time study shows how the operations pictured 
here are all accomplished in less than one minute. 


Stack mold steel castings after 
shakeout. Weight of individual 
castings ranges from 20 to 55 lb. 











TEST AND EVALUATE 
CORE OIL 


Four tests to evaluate core oil are 


Ropney L. Boyes 


presented in winning 


paper from 1957 


Michigan Regional Foundry Conference 
Student Technical Paper Contest 


@ Are you often in a quandry over 
w selecting the core oil that will 
give you the fastest baking time 
and the desired tensile strength at 
the least cost per ton of core sand 
mix? If so you may find these four 
relatively simple tests a good guide 
in evaluating and choosing the best 
core oil for your foundry. 

The importance of a good core 
oil for foundry use is well known. 
The oil has the main function of 
providing baked tensile strength 
necessary for a core to withstand 


the force of the molten iron being 
poured into a mold and to with 
stand a certain amount of rough 
handling which is unavoidable in 
the transporting and storage of 


cores 


Method of Mixing 


In order to test a core oil, the 
core mix must be carefully pre- 
pared. The ingredients must be 
accurately and properly mixed. Be- 
fore mixing any test mix a dummy 
batch of core sand should be run 
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Boked Tensile Strength of Five Cores (psi) 
= 








Sokeabitity Curves Type Oi! A Baked At 450°F 


General Motors Institute 


In the muller to remove anv for- 
eign substances left from mixing 
other materials and to coat the 
muller surfaces with oil. 

An AFS 50-70 testing sand pro- 
vided the base for the test mix. 
Each batch used 4500 grams of 
the sand. Sixty grams of flour and 
120 cc of water are added to each 
core sand mix. For accurate meas- 
uring of oil the beaker to be used 
should be filled with core oil, then 
tipped over and allowed to drain at 
a 45 degree angle for 60 seconds. 
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Boked Tensile Strength of Five Cores (psi) 











Bokeobility Comporson Curves For Oils At 8% Oi! Baked At 450°F 


Core Oil 8 




















Flint, Mich. 


After this is done the beaker (con- 
taining a film of oil) is weighed 
Having determined the tare weight, 
the next step is to carefully weigh 
out the desired amount of oil need- 
ed for a particular batch of sand. 

The sand and flour are placed 
in the muller and mixed dry for 
60 seconds. The water is then 
added and mixed for 60 seconds. 
Core oil is added, taking care to 
drain the beaker at a 45 degree 
angle for 60 seconds. The mix is 
mulled for six minutes. After com- 
pleting the mixing cycle, core sand 
is placed in a closed container 
and is stored pending the next 
operation. 

The method of making cores and 
testing them for baked-tensile 
strength has been established by 
AFS. Core sand is rammed into a 
figure 8 box with equipment de- 
signed for this purpose. Core is 
removed, baked and then broken 
on a special testing machine. Ten- 
sile strength can be directly read 
on the machine. 

Of any one core sand mix, 25 
test cores are made. The cores are 
split up into five groups of five 
each and baked for periods of 30, 
45, 60, 75 and 90 min at 450 F. 
After baking, each group of cores 
is checked for tensile strength. The 
tensile strengths of each group of 
cores are totaled. This gives the 
total combined strength of five 
cores. If any one reading in a 
group of five is inconsistent when 
compared with the other four, this 
figure should not be used in the 
test results. 

A data sheet may be designed 
to handle the above information. 
The core sand can also be tested 
for moisture content, temperature, 
























and green compression strength. 
This information may also be 400 
placed on the data sheet. 


Bakeability Curves 


After collecting the test data, a 
comparison must be made of the 
bakeability characteristics. Usually 
in testing any one core oil, five 
core mixes are made. 

The bakeability curves show 
baked tensile strength versus bak- 
ing time. The object is to show 
trends on how baking time affects 
strength. The bakeability curves in 
Fig. 1 show this relationship for 
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Baked Tensile Strength of Five Cores (psi) 


one mix with X per cent oil and “ 
another with 1/2-X per cent. By 150 
constructing the curves a definite 

pattern can be seen between the 125 


various compositions of the same 
oil. Note that in 30 min core oil “A” 
reaches its maximum = strength. 
However, after 45 min the oil 
tends to overbake and loses its 
strength rapidly. 

A curve which constantly in- 
creases, as far as baked tensile 
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Boked Tensile Strength At Vorying Amounts Of Oil 
Cores Baked 30 Minutes At 450°F 
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strength is concerned, would be 
the most favorable oil to use. An 
oil which reaches its maximum 
strength quickly would also be de- 
sirable. Generally all bakeability 
curves of mixes containing the 
same oil will follow the same gen- 
eral pattern regardless of per cent 
oil contained. 





depend upon the actual case as 
far as determining which core oil 
would be the best suited for a par- 
ticular use. Many core oils can be 
eliminated from consideration for a 
specific job by this type of com- 
parison. 


Bakeability Comparison Curves 


In order to evaluate core oils 
on the basis of their bakeability 
characteristics, curves of several 
different oils (the oils to be com- 
pared ) should be presented on one 
graph. This is done by taking the 
bakeability curve of each oil at 
0.8 per cent oil and possibly 1.2 
per cent, or any other per cent 
desired. Normally only one curve be set up. A curve is developed 
of this type needs to be drawn. for a given oil by using the strength 

Figure 2 is a sample graph show- of five cores from each core oil 
ing core oil “B” and core oil “C”. mix (of the particular oil) after 
Core oil “B” is a slow baking oil. baking for 30 min. 

That is, it reaches its maximum 
strength after a long period of 
baking time. Core oil “C” reaches 
its maximum strength quickly. 
However, the strength of core oil 
“C” drops off rapidly if the cores 
are overbaked even a. slight 
degree. Each oil has a definite ad- 
vantage: core oil “B” does not over- 
bake; core oil “C” reaches its maxi- 
mum strength rapidly. It would 


Comparison of Baked 
Tensile Strength 
By comparing the baked tensile 
strength with the amount of oil 
needed to reach that strength, a 
relationship between the oils can 


Figure 3 is a graph comparing 
core oil “D” and “E.” On this graph 
it can be seen that core oil “D” 
produces a much greater strength 
at a lower per cent oil content. 
To produce the same _ strength, 
much more of “E” is required than 
“D.” This comparison proves which 
oil is “the strongest.” 

However, this should not be the 
deciding factor in determining 
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Cores Baked 30 Minutes At 450°F 
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which oil should be used. Even 
though more core oil “E” is re- 
quired to reach a given strength, it 
still may be cheaper to do so with 
“E” than “D.” Therefore this curve 
is used mainly for quality compari- 
son only. 


Comparison of Cost 
and Strength 

The cost of a satisfactory core 
oil will probably determine wheth- 
er it will be used on a production 
basis or not. A comparison between 
oil costs is plotted similarly to the 
method used for showing baked 
tensile strength vs per cent oil com- 
positions. The only difference is 
that the abcissa is expressed in 
dollars per ton of core sand mix 
rather than per cent oil content. 

In the graph comparing costs of 
core oil “F” and “G” it can be 
easily determined what the cost 
would be to buy the oil necessary 
to produce a ton of core sand at 
a desired strength. Core oil “F” is 
superior to core oil “G” on this 
basis of comparison. It would cost 
$2.33 for enough of oil “G” to make 
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Cost in Dollars for Oil Per | Ton (2000 Pounds) of Core Sand Mix 

















a ton of core sand with a baked 
tensile strength of 200 psi, where- 
as $0.67 spent on oil “F” would 
buy sufficient to produce a ton of 
core sand of equal strength. 

It must be remembered that this 
curve does not show the bakeabil- 
ity characteristics of the oils. It 
has the specific purpose of show- 
ing the cost to produce a given 
core sand which is baked for one 
given length of time. 


Conclusion 

By comparing core oils with the 
aid of these curves, an oil may be 
particular 
foundry’s needs. For example, if 
the possibility of overbaking is 
prominent, a more stable oil should 
be used, 

The cost curve will probably be 
the determining factor in most 
foundries. It should be stressed, 
however, that this should not be 
the final deciding factor. 

The bakeability characteristics 
must be considered. The particular 
need will determine which oil is 
most acceptable. 


selected to suit any 
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60,000 Ib. Stainless Steel 
Paper Mill Roll 


SANDUSKY ROLLS 
FOR PAPER MAKING 


@ Paper is consumed in greatest quantity where 
industry, commerce and education are most high- 
ly developed. The United States, with only seven 
per cent of the world’s population, consumes 
approximately 55 per cent of the world’s total 
paper production. 

In 1945 an average of 282 lb of paper prod- 
ucts were consumed per person in this country. 
By 1955 this figure had jumped to 418 lb and 
is still climbing at a steady rate. 

The paper manufacturing process starts with / 
a mass of wet, pulpy cellulose material, which 
is gradually pressed flat and dried as it passes 
through the paper-making machine. Perforated 
suction press rolls, the type produced by the San- | 
dusky Foundry & Machine Co., remove large — 
quantities of water from the pulp in the paper- § 
making process by a combination of squeezing 
and vacuum suction. 

These perforated suction rolls were the inven- 
tion of H. W. Millspaugh, who was one of the 
founders of the Sandusky Foundry and developed 
many of the techniques for manufacturing these 
rolls. 

In order to speed up existing paper machines 
and build new ones of sizes and speeds required 
to satisfy the world’s needs for paper, larger, 
more efficient and stronger rolls than could be 
made of bronze had to be provided. Stainless 
steel proved to have the necessary qualities, 

Ramming operation of two large Core oven, 37 ft high, passes hot namely castability, machineability, strength, cor- 
molds. Men are lowered into mold air at 350 F through as many as rosion and abrasive resistance exceeding bronze. 
at right to apply sand to walls. nine molds for overnight baking. 
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Jack H. Scuaum / Editor 


Stimulated by the fabulous 
cen in the use of paper by 
the American public, Sandusky 
Foundry & Machine Co. has now 
compieted a five million dollar ex- 
pansion program. This Ohio found- 
ry specializes in centrifugal casting 
of special-purpose rolls required in 
large numbers for the high-speed 
conversion of paper pulp into fin- 
ished paper products. 

The expansion was the direct re- 
sult of technological change. Larg- 
er paper mills, operating at higher 
speeds and utilizing more corrosive 
media, began to require more and 
more rolls made of stainless steel 
rather than the conventional 
bronze alloys heretofore found ade- 
quate. 

Acting under the pressure of 
these new demands on the part 
of paper mill manufacturers, the 
decision was made to investigate 
the extensive equipment changes 
required to add stainless steel to 
its bronze melting and casting pro- 
gram. 

Careful study by top manage- 
ment revealed certain other re- 
quirements that had to be met 
by any new equipment installed. 
Being an integral component of 
the rapidly growing paper indus- 
try, new facilities had to be capable 
of: 1) supplying greater daily ton- 
nages of molten metal, 2) melting 
rapidly, 3) furnishing quality con- 
trol, and 4) melting both steel and 
non-ferrous alloys without any dan- 
ger of contamination of one alloy 
with another. 

The problem was further compli- 
cated by the plant being located 


only two blocks from the center 
of town and production facilities 
were literally bursting at the prop- 
erty seams. Consequently the new 
equipment had to produce more 
molten metal per square foot of 
plant area. 

After carefully analyzing their 
problems, management decided 
that the ultimate solution was to re- 
place slow, bulky melting units 
with streamlined, fast, induction- 
melting furnaces capable of melt- 
ing both copper-base alloys and 
stainless steels. Probably the world’s 
largest installation of induction fur- 
naces in a foundry is now repre- 
sented in the battery of four 10,- 
000-Ib, one 5000-Ib, one 2000-Ib and 
one 500-lb capacity furnaces. As 
many as five of the six furnaces 
can be operated simultaneously, so 
that over 42,000 lb of induction 
melted steel or bronze can be made 
available at one time for casting. 

Other melting equipment in the 
plant includes a 20,000-lb direct- 
arc furnace which adds capacity 
sufficient to cast steel rolls weigh- 
ing over 60,000 Ib. Also available 
in the melting department are 
three horizontal rotating gas-fired 
furnaces capable of melting 13,000 
lb of bronze apiece, thereby mak- 
ing it possible to cast bronze rolls 
weighing over 75,000 Ib. 


Induction Melting Equipment 


Frank Hamilton, manager of pro- 
duction control, was enthusiastic 
when he praised the induction- 
melting equipment at Sandusky 
Foundry. “Induction melting repre- 
sents just about the ultimate in 
Hexibility. It permits us to regularly 
melt from 40 lb to over 40,000 Ib 
in both ferrous and non-ferrous 
alloys.” 

The equipment, as shown in the 
layout diagram, consists of two 
1250-KW, 960-cycle, 800-volt gen- 
erators driven by 4160-volt synchro- 
nous motors. The generators may 





be operated singly or in parallel, 
feeding power to one or more of 
the six furnace stations. 


a 


72 


Power can be distributed as fol- 


1) With generator A operating 
independently: 
a) station 1 may be operated 


at a maximum of 300 KW, 
or 

station 2 may be operat- 
ed at a maximum of 950 
KW, or 

station 1 and 2 may be 
operated simultaneously at 
300 and 950 KW respec- 
tively, or 

station 3 may be operat- 
ed at a maximum of 1250 
KW, or 

station 4 may be operat- 
ed at a maximum of 1250 
KW, or 

stations 3 and 4 may be 
operated at a maximum of 
1250 KW, or 

stations 1, 2, and 4 may 
be operated simultaneous- 
ly; however, the maximum 
total power must not ex- 
ceed 1250 KW. 


With generator B operating 
independently: 
a) station 5 may be operated 


at a maximum of 1250 K 
or 

station 6 may be operat- 
ed at a maximum of 1250 
KW, or 

stations 5 and 6 may be 
operated simultaneously; 
however, the maximum 
power drawn from the 
generator must not ex- 


ceed 1250 KW. 


With generators A and B 
operating in parallel: 
a) stations 1 and 2 may be 


operated simultaneously; 
or independently, or 


b) stations 3, 4,5 and 6 may 


be operated simultaneous- 








ly or independently; each 
of these stations may be 
operated at a maximum of 
1600 KW; however, maxi- 
mum total power drawn 
must not exceed 2500 KW, 
or 

stations 1, 2, 4, 5 and 6 
may be operated simulta- 
neously or independently; 
however, maximum total 
power drawn must never 
exceed 2500 KW. 

This arrangement gives extreme 
melting flexibility. When large 
heats up to 42,000 lb are desired, 
Stations 3, 4, 5 and 6 are run si- 
multaneously. For very small melts, 
down to 40 Ib, a clay graphite 
crucible is placed in the 500 or 
1000-lb furnace for melting. 

Induction melting is fast melt- 

ing—a 10,000-lb bronze heat can 
be melted in 1-1/2 hr, while a simi- 
lar weight of steel is ready for pour- 
ing in 2-1/2 hr. For extra fast melt- 
ing as much as 1600 KW’s can be 
directed into any one of the large 
furnaces. Quality control is simpli- 
fied by the fact that melt-down 
losses are small and consistent from 
heat to heat! 
As a consequence about 60 per 
cent of all furnace charges are 
comprised of machine-shop turn- 
ings and chips. 


_ 


Use of Chips and Turnings 


Since all the rolls cast in the 
foundry are subsequently machined 
in an adjacent shop, large quanti- 
ties of metal turnings are generat- 
ed. 

The ability of induction fur- 
naces to melt down this normally 
difficult material quickly with a 
minimum of loss is another plus 
factor which favored selection of 
this type of melting equipment. 

Because of the large variety of 
alloys handled in the foundry, care 
must be exercized to prevent con- 
tamination of successive heats. It 
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Switching furnaces takes 5-10 min, 
eliminating time-consuming relining 


would be impossibly time-consum 
ing to reline furnaces to suit par- 
ticular alloys and too expensive to 
reserve a specific furnace station 
tor each individual alloy family 
Fortunately the induction-melting 
installation solved this problem 
Since the heating coil and lined 
furnace crucible are an integral part 
of the furnace box it is relatively 
simple to remove one furnace box 
reserved for a particular alloy and 
replace it with another. Electrical 
contact is made from the furnace 
box to the power system through 


Rotating attachment dumps meta! chips and turnings into furnace. 
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Floor lowered to allow 


ladle to receive melt 
from 10,000-lb furnace. 


pressure contacts which complete 
the electrical coupling when the 
crane man sets the box into the 
furnace pit. 


Quick-Switch Furnaces 


The only other connections to 
the furnace are a cooling water 
inlet and outlet made with a quick- 
disconnect coupling on each fur- 
nace trunnion. According to Foster 
Baker, foundry superintendent, a 
40-year man with Sandusky, “It is 


only a matter of 5 to 10 minutes 
elapsed time for the overhead crane 
to lift a furnace box out of the 
pit; move it down the foundry bay 
to the storage area; pick up anoth- 
er furnace box and set it back into 
the same pit.” 

The following supply of furnace 
boxes meets all the requirements 
of sizes and avoids undesirable 
contamination between different 
alloy systems: nine 10,000-lb fur- 
nace, two each of the 5000-Ib, 2000- 








lb, 1000-lb and 500 Ib furnaces. All 
furnaces use rammed linings. A life 
of anywhere from 20 to 100 heats 
is obtained, depending upon the 
particular alloy involved. 

With over 20 non-ferrous alloys, 
27 high-alloy steels, 24 plain car- 
bon and low-alloy steels, a system 
of control has been developed so 
that all scrap is meticulously seg- 
regated, accurately identified and 
carefully stored for future remelt 
in the foundry. The key storage 
unit in this program is a common 





ADVANTAGES OF 
INDUCTION MELTING 


B® Induction melting is ideal 
for the work done at Sandusky 
for several reasons. 


1) The alloys are fairly ex- 
pensive and the econo- 
mies obtained because 
of the low alloy losses 
during melting make in- 
duction melting advis- 
able. 

2) With no other type of 
melting would such flex- 
ibility, both in heat size 
and alloy variety be pos- 
sible. 


3) A large percentage of 
each charge is chips and 
borings. With electric-arc 
or gas melting, high al- 
loy losses are incurred. 
Recoveries with induc- 
tion melting are very 
high. 

Induction furnaces are 
simple to operate and do 
not require highly 
trained melters familiar 
with slag practices, oxy- 
gen blowing, etc. 


4 


~ 


5 
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Precise temperature con- 
trol is easily obtained. 
6) Stirring action in the in- 
duction furnace assures 
uniformity of tempera- 
ture and composition in 
all parts of the melt. 











50-gal steel drum. Chips are auto- 
matically conveyed from lathes or 
shoveled by hand into the drums. 


Charging 
Fork-lift trucks, specially 
equipped with barrel-gripping de- 
vices, transport these barrels of 





chips and turnings from the ma- 
chine shop to a storage area adja- 
cent to the foundry. Low-carbon 
stainless steel turnings are treated 
to remove the oil before they are 
placed in storage for subsequent 
melting. Barrels of similar alloys 
are stored in 
where they 


designated areas, 
are stacked vertically 
as much as six barrels high. 

Lift-truck operators bring the bar- 
rels from storage to the induction- 
furnace area and temporarily place 
them alongside of the furnace 
scheduled for melting. These bar- 
rels can be seen in several of the 
photos used in illustrating this ar- 
ticle. Complete charging of 10,000 
lb can be accomplished in a matter 
of ten minutes or less. Barrels are 
quickly raised by fork lift and ro- 
tated 180 degrees, dumping con- 
tents into furnace. 

Although holes are provided in 
the bottom of barrels to allow for 
drainage of cutting fluids, the chips 
are still apt to contain considerable 
moisture when charged into the 
furnace. As soon as the power is 
turned on to the charge, the heat- 
ing action of the induction current 
converts this moisture into steam. 


Melting 


An air blast is utilized to encour- 
age movement of this moisture up 
through the charge and into the 
ventilating system. This jet of com- 
pressed air is directed vertically 
over the center of the charge dur- 
ing the first stages of melting. The 
jet soon draws out of the charge 
all the steam generated. 

When the melt reaches the prop- 
er tapping temperature, the floor 
immediately in front of the furnace 
is lowered on a hydraulic ram, cre- 
ating a pouring pit. A preheated 
ladle is positioned in front of the 
furnace, which is emptied by tilt- 
ing. When the ladle is removed the 
floor returns to its flush floor posi- 
tion. This innovation eliminates 
safety hazards and at the same 
time providing working area for re- 
charging furnace. Depending on 
the size of roll to be cast, addi- 
tional furnaces can be tapped into 
this same ladle until it contains the 
amount of metal required to do the 
casting. 


Molding 
Since all castings are centrifugal- 
ly produced, molding operations are 


distinctive to this process. Flasks 
are hollow steel pipes perforated 
with holes for venting. Two o1 
three collars are located around 
the outside of these flasks to permit 
the flask to be spun horizontally 
on the centrifugal casting machine. 
To line the flasks with sand they 
are set vertically in a special ram 
ming tower. Four ramming towers 
are available for this operation. 

Molders ram a layer of molding 
sand to a thickness of 1 to 3 in. 
around the inner periphery of the 
flask. Inside diameter of the sand 
shell is formed by a brass plug of 
the proper diameter and measur- 
ing 30-in. long. This plug is sus- 
pended from a steel cable. The 
cable is attached to a four-armed 
spider, anchored on top face of 
plug. Spider also keeps plug cen- 
tered in the flask. The plug is low- 
ered into the vertically-positioned 
flask and sand rammed into the 
annular space between flask and 
plug. 

With flasks large enough to per- 
mit, a molder stands on top of the 
plug and rams sand with a pneu- 
matic or hand sand rammer. If the 
flask has too small a diameter to 
permit a man to get into it, ram- 
ming is done with long-handled 
ramming tools. As the sand _ is 
rammed, the plug is raised in steps 
of 6 in. until the complete length 
has been rammed. Since the plug 
has no draft on it, the result is 
a perfectly cylindrical mold cavity 
centered in the flask. 

Thirty-three years’ experience 
with Sandusky Foundry backed 
up the emphatic comment by Ed 
Hirt, molding foreman, that “cen- 
tering is doggone important in cen- 
trifugal casting if you expect to 
hold down your scrap.” The least 
amount of unbalance will introduce 
undesirable vibrations when the 
mold is spinning at high speeds 
and cause an eccentric casting 
which must be scrapped. One flask 
can be used for a variety of diam- 
eters by utilizing different sized 
plugs, and various lengths by short 
ening the effective length of the 
flask by bolting into it a stop-off 
plate. After the mold has been 
rammed it is placed in a core oven 
37-ft high, to take care of the 
longest of these rolls. 

Molds set on a grate and hot 
air at 350 F passes through over- 
night. The core oven is sufficiently 










































































Pouring melt into spinning mold must be 
carefully timed to avoid laps in metal 


large to handle eight or nine molds 
at a time 


Centrifugal Casting 


Mold surface is usually coated 
with a refractory wash before en 
tering the drying oven. Dried molds 
are removed from the oven and tak 
en by crane to the centrifugal cast- 
ing department. Equipment here 
includes four large and three small 
horizontal casting machines plus 
one vertical 

Casting machines are located be 
tween thick concrete walls. When 
they are in operation the top is 
covered with a movable steel roof 
Sliding doors close each end, there 
by providing complete protection 
to all men working in the area. 

The weight of the largest of thes 
roll flasks, measuring 58 in.-diame 
ter x 35 ft-long, is 35 tons. This 
mold produces a cast-hollow roll 
weighing more than 75,000 Ib. 
Molds are spun at speeds ranging 
from 350 to 1450 rpm, depending 
on their size. The speed of four 
75 and 150 hp D¢ 
drive each casting machine is con 
trolled by a man in a control booth 
next to the He adjusts 


motors that 


machine 


Casting machine located between con- 
crete walls, steel roof and sliding doors 
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the speed to create a centrifugal 
force approximately 70 to 75 times 
that of gravity at the median wall 
of the casting 

The weight of metal poured into 
the spinning mold determines the 
inside diameter of the casting. Met 
al is poured from the ladle into a 
pouring box which has a horizontal, 
tubular gate protruding several feet 
into the spinning mold. The pour 
ing time is a critical factor and is 
caretully measured by stop watch 
in the hands of Russell Baker, fore 
man of melting and casting. Im- 
proper pouring speeds can lead to 
laps in the metal, necessitating 
scrapping of the casting. 

As soon as the metal has started 
to enter the mold a water spray is 
directed at the outside of the flask 
over its entire length to minimize 
cooling stresses. Mold rotation dur- 
ing pouring is maintained constant 
After pouring bronze, one of the 
men skillfully directs a stream of 
water on the inside surface in such 
a manner as to produce rapid and 
uniform cooling throughout the 
length of the hollow roll. Spinning 
is stopped at the end of about 45 
min. and the mold containing the 
casting is moved to the cleaning 
department. 


Shakeout 


Men on the second shift shake 
out the castings by locking the 
mold in a vise contacting several 
large, vibrating hammers. A com- 
bination of vibration and a strong 
pulling action slides the casting 
out of the mold. 

After shakeout, swing frame 
grinders and wire brushes are used 
to clean off surface sand. Alloys 
requiring heat treatment can be 
normalized, tempered, or annealed 
in a 35-ft long car-bottom electric 
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roll perforated with 
thousands of holes, 
266 drilled at once 


furnace (1000 KW 

Quality control is an essential 
which is maintained by the labora- 
tory of the metallurgical depart- 
ment. A process sheet is prepared 
for each new casting order and 
accompanies the order in every 
operation from charging of raw 
material to transfer of parts to ship- 
ping department. 


Machining 

When the hollow-cast roll leaves 
the foundry it has barely begun 
its journey toward a finished prod- 
uct. The rolls must now be accu- 
rately machined and drilled in the 
machine shop. Huge 72-in. engine 
lathes capable of handling rolls 37- 
ft long now turn the outside and 
bore the inside to the finished ac- 
curate dimensions required. 

As many as half a million holes 
are next drilled through the rolls 
on automatic spindle-drilling ma- 
chines capable of drilling as many 
as 266 holes simultaneously in a 
straight line and then indexing for 
the next row. One such machine 
alone represents an investment of 
a quarter of a million dollars. The 
whole drilling operation alone may 
require anywhere from two to three 
weeks’ time. 

In conversation with W. S. Py- 
son, public relations director of San- 
dusky Foundry & Machine, he 
pointed out that, “Although paper- 
making rolls represent the bulk of 
the production here at Sandusky, 
many other industries are being 
served by these high-quality cen- 
trifugal castings.” And to back it 
up he provided a partial list of cyl- 
indrical components supplied re- 
cently for industrial furnace, ma- 
rine, petro-chemical, ordnance, 
atomic power and general indus- 
trial applications. 


Papermaking machine 
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SOLIDIFICATION AND RISERING OF GRAY IRON CASTINGS 


Clyde M. Adams, Jr.*, Merton C. Flemings* and Howard F. Taylor** 
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ABSTRACT 


This work represents the detailed conclusions of an 
eight-year research program on solidification and risering 
of gray iron castings. Experimental data and theoretical 
analyses are used to delineate the fundamental variables 
for determining shrinkage in gray iron. 

The natural reduction in volume accompanying the 
cooling of gray iron from the liquid to the solid depends 
on metal chemistry. However, the size and location of 
voids resulting are dependent not only on chemistry but 
also on factors which influence the movement of the 
casting surface. These are: 1) size and shape of the 
casting, 2) action of atmospheric or ferrostatic pressure, 
3) characteristics of the molding material, and 4) size, 
shape, location and thermal treatment of gates and risers. 
In many cases the heterogeneous expansion resulting 
from graphite precipitation accentuates, rather than min- 
imizes, solidification shrinkage. 

A discussion is presented of the basic principles on 
which gray iron risering is based. A series of castings 
shown illustrate how these principles apply to the prac- 
tical risering of gray iron castings. 


INTRODUCTION 

This paper presents detailed conclusions resulting 
from eight years research in the M.I.T. Foundry Lab- 
oratory on solidification and risering gray iron castings. 
Over five of these eight years were under sponsorship 
and guidance of the Research Committee of the Gray 
Iron Division, AFS. Added financial aid came from 
the International Nickel Company. The last three years 
work was sponsored entirely by the International 
Nickel Company. 

It is not the purpose of this paper simply to re- 
phrase the findings contained in the six progress re- 
ports.’® These are already in the hands of the mem- 
bership. It is the purpose here to present a definitive 
expression of the current state of knowledge concern- 
ing fundamental variables in solidification and risering 
of gray cast iron. Results obtained stem chiefly from 
direct experimentation. They reflect, as well, some 
recent contributions to the literature, (on the thermo- 
dynamics of the iron-carbon-silicon system) and con- 
current studies of solidification and heat transfer (in 
metals other than cast iron). These studies have con- 
stituted part of the foundry research program at 
M.L.T. for the last several years. 


* Assistant Professor, Department of Metallurgy, Massachusetts 
Institute of Technology, Cambridge. 

*°Professor, Department of Metallurgy, Massachusetts Insti- 
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As should be expected, statements contained in re- 
cent interim reports indicate some revision of opinions 
formed earlier in the research program. It is partly 
the function of this summary paper to resolve any 
confusion which might arise from previous papers and 
to present under one cover all significant valid conclu- 
sions and data considered consistent with experimental 
observations. For the convenience of the reader, the 
following section of the report is a summary of these 
conclusions. Detailed supporting material is then con- 
tained in following sections or in the Appendix. 


SUMMARY OF CONCLUSIONS 

After developing an annotated bibliography,’ the 
first active step in the research program was an at- 
tempted analysis of castings. These castings were pro- 
duced and supplied through cooperation of the Gating 
and Risering Committee of the AFS.* The conclusions 
formed during this phase were largely negative, but 
helped set the stage for the program which was to 
follow. These initial conclusions (A, B, and C) are 
still considered valid. They pertain to gray irons with- 
in the following composition range: More than 2.8 
per cent carbon, 1-3 per cent silicon, less than 1.5 per 
cent manganese, 0.02-0.5 per cent sulphur, 0.02-0.6 
per cent phosphorus. 


Conclusion A 


Gross localized shrinkage porosity may occur in al- 
most any commercial gray iron cast into conventional 
green-sand molds. The location, magnitude and inci- 
dence of such porosity is variable, even when metal 
and molding conditions are substantially constant. The 
incidence of gross porosity is greatly reduced (fre- 
quently eliminated entirely ) by use of an air- or oven- 
dried, clay-bonded sand, or by use of core-sand molds. 


Conclusion B 


Large conventional risers (similar to those used for 
steel) are expensive, and ineffective in solving many 
green-sand shrinkage problems. In some instances, 
risers apparently aggravate shrinkage. In a dry-sand 
mold, a small riser or just a gate usually produces a 
sound casting. 


Conclusion C 


Green-sand castings are more dimensionally variable 
than dry-sand castings. There is a pronounced tend- 
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ency for certain sections of green-sand castings to be 
over-sized. 

The three conclusions above constitute a fairly com- 
plete statement of the risering problem. Subsequent 
research has been aimed at testing hypothetical explan 
ations of the erratic shrinkage behavior of cast iron. 
For example, it was felt some of the difference be 
tween green and dry sand might be attributed to the 
presence or absence of mold gases. One reasonably 
extensive phase of the research work involved studies 
of shrinkage behavior and densities of irons cast in 
green- or dry-sand molds. In these studies various 
gases bubbled through the metal prior to casting. 
From this was deduced the following conclusions. 


Conclusion D 


No evidence has been found to suggest that micro- 
porosity (invisible to the naked eye) has an important 
bearing on shrinkage behavior. It is known some alloy 
systems exhibit microporosity related to evolution of 
dissolved gases. In such systems (aluminum- or cop- 
per-base alloys), the density of cast metal, which 
appears macroscopically sound, may be lowered by 
the presence of microporosity. 

This behavior has not been observed in gray iron. 
In gray iron the density of an apparently sound section 
varies only with composition, and it is not normally 
influenced by the presence of dissolved gases, even 
when solidified under reduced pressure (Fig. 1). Hy- 
drogen (from water vapor) can, however, produce 





Fig. 1 — Photograph of a section of a 5 in. gray-iron cube 
solidified under reduced pressure. Pressure during solidifica- 
tion—less than 1 cm of mercury. 
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large scale porosity easily visible and of distinctly dif- 
ferent morphology from shrinkage. 

Since the density of the void-free metal was not 
found to vary with casting conditions, there seemed 
to be hope for conducting rigorous book-keeping on 
volume changes which accompany solidification of 
cast iron. Two pieces of apparatus were developed to 
observe volume changes during solidification of test 
castings.**° 


Conclusion E 


Material balances have been derived which relate 
volume changes during solidification to carbon and 
silicon contents. The constants involved in these rela- 
tionships have been selected or estimated as judicious- 
ly as possible from data in the literature or from 
measurements made at M.I.T. Agreement between pre- 
dicted and measured values of shrinkage has generally 
been found within experimental error. Volume changes 
have been further linked to heat-flow analyses per- 
mitting comparison of measured and theoretical curves 
of shrinkage vs time. 

Of course, a material balance can only permit pre- 
diction of total volume changes. It sheds no light upon 
geometric distribution of these volume changes 
throughout a particular casting. At this point certain 
questions might be raised: 1) What causes green-sand 
castings to exhibit dilation during solidification? Is 
dilation simply a consequence of heat and ferrostatic 
pressure acting to exceed mold strength, or is an in- 
ternal, metallurgical push (associated with graphite 
precipitation ) involved? 2) If dilation has a metallur- 
gical origin, does it vary with graphite structure? Do 
alloying elements or impurities influence the tendency 
toward dilation? Research partly answered these ques- 
tions. 


Conclusion F 


The evidence strongly suggests that a powerful ex- 
pansive force occurs during solidification of gray iron. 
This force is related at least indirectly to graphite 
structure. Dimensional growth of green-sand castings 
during solidification is, somewhat paradoxically, asso- 
ciated with increased feeding requirements and shrink- 
age tendencies. Alloying elements which influence 
graphite structure also influence dilation and shrink- 
age. 

Since the practical objective of the research has 
not been solely to collect fundamental information, 
but primarily to rationalize the risering problem, every 
effort has been made to bring the data into a practical 
focus. The most important conclusions concern the 
essential nature of the risering requirements of irons 
cast in green- and dry-sand molds. These are summar- 
ized below. 


Conclusion G 


Irons cast in dry-sand molds require little or no 
risering. The riser need remain liquid only during 
the proeutectic stages of cooling and _ solidification 
(until the casting is about 20 per cent solid). After 
this feeding is no longer required. An adequate riser 
may (and should) be quite small, but carefully posi- 
tioned. Eutectic or hypereutectic irons cast in dry sand 
generally require no risering. 
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Conclusion H 


Green-sand castings require a much greater volume 
of feed metal at a later stage in solidification than 
do dry-sand castings. The greatest demand for feed 
metal occurs while appreciable graphite precipita- 
tion is taking place near the surface of a casting. 
This causes the partially solid walls of the casting to 
expand and buckle. The buckling is usually outward, 
and increases the volume of the casting cavity. In 
certain instances the buckling and associated demand 
for feed metal may be sudden. The exact mechanics 
of this phenomenon are not easy to appreciate, and 
may frequently involve abrupt yielding of the mold 
wall. 


Conclusion I 


Large risers are frequently ineffective for feeding 
hypoeutectic irons cast in green sand. These irons 
freeze over large temperature intervals. During late 
stages of casting solidification a large riser may be 
too mushy to function properly. The large riser may 
complicate and exaggerate the thermal problem. It 
is necessary to isolate such risers, thermally, from the 
casting. A temperature difference of 100 F or greater 
should be maintained between the riser and the cast- 
ing during solidification. Small, externally heated or 
well-insulated risers have been found remarkably ef- 
fective. In effect, this principle has been utilized in 
measuring shrinkages of various irons.*:®? 


DISTRIBUTION OF SHRINKAGE IN GRAY IRON 
CASTINGS 

A gray-iron casting which solidifies in a sand mold 
experiences a natural reduction in volume dependent 
on composition and pouring temperature. This shrink- 
age has been measured and evaluated,®*:* and detailed 
results are presented in the following section. The 
actual size and location of the void which results, 
either in the casting or in the riser, depends upon 
factors influencing movement of the casting surface. 
These factors are: 1) The size and shape of the cast- 
ing, 2) the action of atmospheric or ferrostatic pres- 
sure, 3) the characteristics of the molding material, 
and 4) the size, shape, location and thermal treatment 
of gates and risers. 

The paradox of gray iron is that heterogeneous ex- 
pansion accompanying precipitation of graphite is 
even more likely to produce a shrink cavity than is 
solidification shrinkage. Most irons exhibit little total 
true shrinkage, and that occurs least harmfully during 
the first stages of solidification (before the casting is 
twenty per cent solid). 

Graphite precipitation, late in the solidification proc- 
ess, may have either or both of two effects: 1) Iso- 
tropic expansion may help feed the casting, a benefit 
widely recognized, but frequently fickle; and 2) local 
expansion may cause the exterior layers of a casting 
to expand and buckle outward. This creates a late, 
large, and sudden demand for feed metal. 

Circumstances affecting this complicated behavior 
are not perfectly understood. The general behavior 
pattern is quite clear. The plasticity or rigidity of the 
molding material is of paramount importance. For 
example, Fig. 2A is a schematic cross-section of a 
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simple, unrisered cylinder of gray iron cast into an 
oven-dried, bentonite-bonded synthetic sand mold. 
The exposed top surface has been insulated with rice 
hulls, and the resulting casting is quite sound. 

The shrinkage, generally less than one per cent, 
was reported as a slight dishing of the insulated sur- 
face. Any tendency toward piping or internal shrink- 
age is absent, because all of the gross volume change 
has occurred during the early stages of solidification 
while the casting was more than 80 per cent liquid. 
Any tendency for outward buckling of the casting 
surface has been successfully resisted by the rigid 
mold. The same casting, produced in green synthetic 
sand, is shown in Fig. 2B. Here the casting surface 
has bulged slightly and gross internal shrinkage is the 
result. 

The soundness and external dimensions of an iron 
casting produced in green sand may be influenced 
by the action of atmospheric pressure, and the direc- 
tionality of solidification. The casting shown in Fig. 
2B, produced in green sand with no top insulation 
may be perfectly sound, as shown in Fig. 2C. 

The top of the casting solidified because of radia- 
tion heat loss to the surroundings. When the wall 
of the casting buckled, it kept the contained volume 
constant. In a casting which has been sealed in this 
way, atmospheric pressure resists any net expansion 
due to wall movement. The actual measured contours 
of such castings have been exaggerated for clarity. 

The situation in Fig. 2C may actually be affected 
deleteriously by use of a large riser, with a result 
as shown in Fig. 2D. Here the riser has had the effect 
of eliminating any pressure difference tending to con- 
fine wall movement by keeping the system open, as 
did the insulation in Fig. 2B. Part of the demand im- 
posed by wall buckling was so late the riser con- 
tained insufficient liquid feed metal. 

In addition, the riser itself undergoes, dilation, add- 
ing to the demand almost as much as to the supply of 
feed metal. By contrast, a small riser can easily feed 
the early, slight demand of the dry-sand casting as 
shown in Fig. 2E. 

Some of the phenomena, exaggerated in the various 
parts of Fig. 2, can be observed on actual castings 
shown in Fig. 3. Profile measurements, supporting the 


Rice Hulls Radiation to Air 
t t t Uninsulated 


=< 























Fig. 2 — Schematic cross-sections of gray iron cylinder solidi- 
fied under various molding and risering conditions. 
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configurational behavior set forth in Fig. 2, are shown 


in Fig. 4 and 5. 

Most of the work on shrinkage has been done on 
cylinders and spheres. In these shapes buckling is 
outward and, therefore, harmful. The surface layers of 
a large flat plate can, on the other hand, buckle 
inward almost as easily as outward. Here, shrinkage 
is less of a problem. Extensive plate-like sections in 
gray iron are frequently sound. That is, except in 
regions of gates, risers or other discontinuities which 
either interfere with wall movement, negate the ben- 
eficial effect of atmospheric pressure, or delay solidi- 
fication locally. 

There is some evidence that large ferrostatic pres- 
sures achieved through tall gates, risers, or pop-ofts, 
can encourage dilation to occur earlier in the solidifi- 
cation process while feed metal is still available. In 
other cases pressure appears to encourage outward 
rather than inward buckling and does more harm than 
good. The forces involved in dilation are large enough 
that ferrostatic pressure is not of great importance. 

Following is an example to help gain an appreciation 
of the volumetric importance of dilation. A typical 
iron containing 3.4 per cent carbon and 2.1 per cent 
silicon is cast into a cylindrical mold cavity, nominally 
3.75 in. diameter and 8 in. tall. The observation of 
dozens of such castings*® has indicated a_ typical 
average (top, middle and bottom) difference in diam- 
eter of 0.05 in. between green- and dry-sand castings. 
Green sand castings being the larger (Fig. 4, 5), 
local differences may be much larger in some cases. 
This represents 1-1 /3-per cent net dilation in terms of 
diameter, and 2-2/3-per cent in terms of volume (the 


(a) ¥ (b) 
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casting does not dilate longitudinally) The iron itself 
only shrinks 1/3-per cent, but the total feed metal 
requirement is 3 per cent. 

The 2-2/3 per cent excess feed metal requirement 
due to dilation is shown schematically in Fig. 6. 
Here, dilation is shown to scale. The resulting feed 
metal requirement is represented by a 1.65 in. diame- 
ter spherical hole shown in the center of the section. 
It almost seems impossible such a slight surface dila- 
tion could actually represent 2.35 cu in. of feed de- 
mand, or shrinkage as the case may be. 

It is neither easy nor necessary to exaggerate the ef- 
fect of dilation. Figure 6 summarizes the typical case 
and is by no means extreme. Quantitative shrinkage 
measurements on this casting have regularly indicated 
observed apparent total shrinkage of less than 1 per 
cent in dry sand and more than 3 per cent in green 
sand, 

The dilation of iron castings is related to a metal- 
lurgical push, and cannot be explained in terms of 
heat and ferrostatic pressure alone. In work with tin 
bronze it was found that the surface temperature of 
a tin bronze casting is as high as that of a geometri- 
cally identical gray iron casting throughout most of the 
solidification process. The density of tin bronze is high- 
er, and the time required for the surface layer to 
solidify is as long. Yet the difference in shrinkage be- 
tween green- and dry-sand bronze cylinders is only 
about 1/2 per cent.® In other words, in spite of great- 
er density, and equal temperature, the mold wall does 
not move with bronze but does with iron. 

It should be repeated and emphasized that the 
serious feature of dilation is the timing even more 





(a) (e) 


Fig. 3 — Cross-sections of gray iron cylinders solidified under various molding and risering conditions. 


(a) Green sand, no riser, covered with rice hulls. 
(b) Green sand, no riser. 
(c) Green sand, insulated riser. 
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(d) Dry sand, conventional riser. 
(e) Green sand, conventional riser. 
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than the amount. Depending upon geometric and ther- 
mal environmental factors, that portion of dilation 
which creates a feed metal demand will generally 
occur after the true shrinkage has been successfully 
accommodated. Not only will the demand be much 
larger but may be quite rapid, even abrupt, at a 
time when limited remaining liquid metal may have 
a rather tortuous interdendritic flow path to the criti- 
cal region. 


VOLUME CHANGES IN GRAY IRON DURING 
SOLIDIFICATION 

During this research, many measurements have been 
made at M.I.T. of the true shrinkage which accom- 
panies the cooling and freezing of graphitic cast irons. 
The results are contained in the published reports.*:>\ 
Complete study of this experimental information cou- 
pled with data selected from the literature has per- 
mitted a fundamental correlation which is theoretically 
sound and in agreement with the experimental meas- 
urements. 

It has been observed that considerable disparity ex- 
ists among published basic data on iron-carbon-silicon 
alloys. In the following analysis, where it has been 
necessary and convenient to make a choice from dif- 
fering available values, the decision has been predi- 
cated on agreement with experiment. This procedure 
has led to development of a list of what appear to 
be most correct critical physical constants relating to 
the solidification of gray cast iron. The list is pre- 
sented in Table 1. 


The Iron-Carbon-Silicon System 


The representative sections of the iron-carbon-sili- 
con ternary equilibrium diagram as presented by 
Piwowarski® correspond more closely with interpreted 
shinkage observations than those of any other source. 
The information required of these ternary sections 
can be expressed quite adequately for hypoeutectic 
irons by the following equations. 


hs 1) 
Y = 4.3 — 0.33 (% Si) — —— ( 
2 = 0.5 (Piwowarski’) (2) 
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TABLE 1 — VALUES OF CONSTANTS USED IN 
SOLIDIFICATION CALCULATIONS 





1. Slope of liquidus in F-C-Si alloys over the 
range 3.0 to 4.3 per cent Carbon Equiva- 
lent (0 to 4.0 per cent silicon). From Pi- 


wowarski® 260 F/%C 


to 


Heat of fusion of iron (austenite) at 2100F. : 
From Darkin and Gurry!® 106 BTU/Ib 
3. Specific heat of liquid iron and liquid iron 
austenite mixture between 2100F and ; 
2500F. From Kelly! 0.20 BTU/Ib F 
4. Average density of solid cast iron at 
2100F. From M.LT. Shrinkage Measure- 
ments! 6 


440 lb/ft.-3 


ut 


Ratio of density of austenite to graphite 
at 2100F. From M.I.T. Shrinkage Mea- 


; nan 
surements! 6 3.26 


6. Ratio of density of liquid iron to austenite 
(at the same temperature). From M.LT. 
Shrinkage Measurements! 6 0.961 


Coefficient of thermal expansion of liquid 
iron and liquid iron—austenite mixture be- 
tween 2100F and 2500F. From M.LT. 
Shrinkage Measurements!6 16.5 x 10°6 F’! 





CASTING VOLUME = 88.3 cu. in. 


Tr 


Fig. 6 — Schematic 
representation of a 8" 
void generated by 


. ; | ae less th % 
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where: 

Y = %C in the liquid phase during solidification 

T = temperature, F 

T, = eutectic temperature, F 

X=%C in the solid phase (austenite) during 

solidification. 
At the eutectic temperature, just before the eutectic 
reaction starts, the carbon content of the liquid phase, 
Y.. is given bv: 
Y, 1.3 — 0.33 (°eSi) (3) 

Graphite is formed during the eutectic reaction and 
constitutes a small weight fraction, F,, of the eutectic 
material: 


' l 
s  200/Y,. —1 
During formation of primary austenite, the fraction, 
f, of the metal which is solid is given by: 


9 me 

f= 2(1 y 

At the eutectic temperature, just before the eutectic 

reaction starts, the fraction, f., of the metal which is 
solid is: 


(4) 


) (5) 


on 
of 


f,=2(1- y.? (6) 


Volume Changes During Solidification 


Practically all of the volume change which occurs 
during solidification of gray iron precedes the eutectic 
reaction. At any moment during primary austenite 
formation, the fractional shrinkage, 8’, which has taken 
place is given by: 

p’ = £8 + a(T, — T) — fa (T, — T) (7) 
Since the third term in Equation (7) is negligibly 
small: 
B’ = £8 + a(T, — T) (7A) 
where: 
T, = pouring temperature 
T =temperature at which f fraction of the 
casting is solid austenite 

original liquid—volume of partly solid cast- 
, _. ting 
ie original liquid volume 
a = observed average coefficient of volumetric 

thermal contraction for liquid iron and for 
austenite-liquid mixtures 
8 =unit fractional shrinkage characteristic of 
the solidification of austenite. 
pr ) 
PY 


(i.e., 8B =1— 


where: 
pd = density of liquid 
py = density of austenite. 

At the eutectic temperature, just before the eutectic 
reaction starts, the shrinkage which has occurred, £8), 
is referred to as “primary shrinkage” and is given by: 

By = £8 + a (T,—T.) (8) 

During the eutectic reaction an additional volume 
change takes place. The total fractional shrinkage, {., 
which results from the complete eutectic reaction can 
be estimated from: 


= 8B —F,(1—8) a oi (9) 
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Again, second order terms have been neglected. 
where: 

volume decrease accompanying the eutec- 

tic reaction 

original liquid volume of the casting 
Po = density of graphite. 

8. is usually quite small and negative which means 
a slight expansion usually occurs during the eutectic 
reaction. 

From the moment of pouring to the instant solidi- 
fication becomes complete at the eutectic temperature, 
the total fractional shrinkage, 8, which has occurred 
is given by: 

By = By + B. (10) 
where: 
| original liquid volume—hot solid volume 
a original liquid volume 

The three values, 8), Br and 8, are nearly linear 
functions of pouring temperature, C and %Si, over 
the range of interest, so that Equations (8), (9) and 
(10) can be closely approximated by: 


16.5 (T — T.) 


+ §.27 — 1.95 (%C) — 0.53 (°%Si 
1008, 1.000.000 8 1.95 (%C 0.53 (%Si) 
(11) 
1008. = 0.35 — 0.26 (%C) + 0.17 (Si) (12) 
16.5 (T — T..) 
“= + §.62 — 2.21 (%C) — 0.36 (°Si 
1008, 1.000.000 8.6 1 (%C 0.36 (°¢Si) 


(13) 
where: 1008,, 1008,, and 1008 are percent shrinkages. 


The Heat Evolved During Solidification 
During primary separation of austenite from the 
liquid, the total heat, Q, which has been evolved by 
the time f fraction of the casting is solid is calculat- 
ed from: 
a :C,(T, — T) + fH (14) 
M ‘Pp p / 
where: 
M = weight of casting 
C, = specific heat of liquid iron and of austen- 
ite-liquid mixtures. 
The total heat, Qr, which must be evolved from the 
moment of pouring for the casting to become com- 
pletely solid at the eutectic temperature is: 


7 (Ty -T.) +H (15) 


The Rate of Solidification 


The time, 0, required for a certain amount of heat 
to leave a sand casting and enter the mold depends 
on the volume, V, and heat-abstracting surface area, 
A, of the casting as well as the original temperature, 
T,, and thermal properties of the sand, and the average 
effective surface temperature, Ts, of the casting during 
the time interval in question. To a lesser extent the 
time required is also dependent on the shape of the 
casting. For a simple slab of indefinite extent: 


V\ (Q 
V0 = 168.5 (s ) (x) (16) 


In Equation (16) the constant, 168.5, is dimensional 
and requires that dimensions be expressed in in., heat 
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in BTU, weight in lb, temperature in degrees F, and 
time in min. In particular, the constant, 168.5, is 
valid for oil-bonded core sand of no. 80 AFS fineness 
number. The thermal properties of molding sands 
vary little enough that Equation (16) applies gener- 
ally to gray iron sand castings. Equation (16) applies 
with fair accuracy to that important category of gray- 
iron castings which can be construed as plates bent 
into various shapes. An example is a hollow cylinder 
whose wall thickness is small compared to its diameter. 

However, heat flow from shapes like bars, spheres, 
cubes or other three dimensional chunks is somewhat 
divergent and, therefore, more rapid than from plates. 
Analyses and measurements on simple shapes (cylin- 
ders and spheres) show that heat flow from gray iron 
into sand conforms closely to the equation: 


Vv Q 
— A M _ 
\/0 = 168.5 ' (17) 
Ts — To O/M 
1+V1+ 71468 


Equations (16) and (17) are founded on heat con- 
duction relationships set forth in another paper.’ The 
constants are based on thermal analyses (experiment- 
al) of gray iron castings. The value of Ts changes 
somewhat during the course of solidification, starting 
as high as 2400 F and finishing somewhat below 2100 
F. For precise determination of a cooling curve this 
variation may be taken into account. To calculate the 
time required for complete solidification TS may be 
taken as equal to 2100F. 


Shrinkage Behavior of a Typical Gray Iron 


Some of the quantitative relationships set forth in 
preceding paragraphs are illustrated graphically in Fig. 
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typical hypoeutectic gray iron. 


Meon Temperature 


Fig. 9 — Heat evolved in cooling a typi- 
cal hypoeutectic gray iron from 2500F. 


8-13 for an iron casting containing 3.35 per cent C 
and 1.87 per cent Si, having the dimensions shown in 
Fig. 7, and poured at 2500 F. Detailed consideration 
of this single casting provides a framework for unam- 
biguous description of the solidification and shrinkage 
pattern of any hypoeutectic cast iron. In addition, 
experimental data on this alloy permit a point-by- 
point comparison of observed and theoretical shrink- 
age histories. 

Figure 7 shows the per cent of the casting which 
is solid as a function of the mean or average tempera- 
ture of the casting. Figure 7 has been plotted from 
Equations (1) and (5), and indicates the metal starts 
to freeze at 2186 F, and is 18 per cent solid when 
the eutectic temperature is reached. The rest of the 
alloy freezes isothermally. (Although in principle the 
austenite-graphite-liquid equilibrium can exist over a 
range of temperature, a distinct eutectic temperature 
is assumed in this discussion. Piwowarski® indicates 
the eutectic band is in fact quite narrow). 

In Fig. 8 cumulative per cent shrink computed from 
Fig. 3 and Equations (3), (4), (6), (7) and (9) is 
plotted vs mean temperature. From 2500 F (the 
pouring temperature) to 2186 F, liquid contraction 
occurs. Between 2186 F and the eutectic temperature 
liquid contraction and solidification shrinkage take 
place simultaneously. The total primary shrinkage is 
1.36 per cent. At the eutectic temperature a slight 
(0.14 per cent) expansion accompanies solidification 
of over 80 per cent of the casting. The net shrinkage 
is 1.22 per cent. 

Since one of the objectives is to evolve a theoretical 
shrinkage vs time curve, some knowledge of heat evo- 
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hypoeutectic gray iron. 
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lution in terms of temperature and shrinkage is re- 
quired. These variables can, in turn, be related to 
time using heat flow relationships. In Fig. 9, the cumu- 
lative heat evolved per lb of metal is plotted against 
mean temperature, using previous figures and Equa- 
tions (14) and (15). 

It may be seen that heat evolution starts at the 
pouring temperature, and increases with the beginning 
of solidification at 1826 F. A large amount of heat is 
evolved at the eutectic temperature. Slightly more 
than half the heat removed during solidification is heat 
of fusion. The rest is specific heat of cooling from 
2500 F to the eutectic temperature. 

Figures 8 and 9 have been used to prepare Fig. 
10. In Fig. 10 the per cent shrink as a function of 
heat evolved is shown. The first discontinuity in the 
graph of Fig. 10 reflects a change when the liquidus 
temperature is reached, the second when the eutectic 
temperature is reached. 

Using Fig. 10 and Equation (17) the desired plot 
of shrinkage vs time can be obtained. This is shown 
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in Fig. 11 where close agreement with a measured 
shrinkage-time curve is evident. The sharp discontinu- 
ities in the computed curve are not physically realistic 
since cooling and freezing of the metal is not per- 
fectly uniform. Events near the surface of the casting 
somewhat precede those in the center. The important 
observation, whether theoretical or experimental, is 
that the slight shrinkage of most gray irons occurs in 
less than half the time required for complete solidifi- 
cation, and should not present much of a risering 
problem. 

There is some interest in comparing calculated mean 
temperature with measured center temperature of the 
casting (Fig. 12). The center temperature may be 
expected to lag behind the mean temperature. The 
brief arrest at the liquidus temperature in the center 
of the casting manifests this lag. Shrinkage measure- 
ment is more of a bulk observation, characteristic of 
the entire casting. In a sense it integrates the cooling 
curves of all parts of the casting. 

The general agreement of predicted with measured 
total shrinkage is a matter of record.*:*:* The preceding 
is a summarized, partly revised, and simplified expres- 
sion of the dependency of true shrinkage on composi- 
tion and pouring temperature. The dynamics of the 
volume changes in gray iron are generally exhibited 
by Fig. 7-12, even though the charts pertain quantita- 
tively to a particular iron. 

Behavior of Risers on Gray Iron Castings 

The characteristic dimensional and volume changes 
which occur during solidification of gray iron castings 
are exemplified in Fig. 13-17. In these figures, cross- 
sections are shown of risered and unrisered castings 





Fig. 13 — Sections of 5 in. gray iron cubes poured at 2450F. Cubes in top row were cast in green-sand molds; those 
in bottom row were cast in dry-sand molds. Riser diameters (left to right) are: 1 in., 2 in., 2-1/2 in., 3 in., and 3-1/2 in. 
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made in green and dry sand. All castings were of 
metal containing approximately 3.35 per cent carbon 
and 2.0 per cent silicon. Melting of the metal was 
by induction. 

Examination of Fig. 13-17 reveals qualitatively the 
presence and distribution of shrinkage, gross changes 
in exterior contour (exudation and mold dilation ), 
and the relative volume of feed metal required by 
the casting during solidification. The. general pattern 
of behavior of gray iron during solidification previously 
discussed is illustrated and documented by these cast- 
Ines, . 

Figure 13 presents a series of cross-sections of 5 in. 
gray iron cubes, top risered with risers of diameters 
varying trom | in. to 3-1/2-in. and poured at 2450 F 
into both green- and dry-sand molds. The castings 
poured in green-sand molds dilated severely. The 
amount of dilation tended to increase as the riser 
diameter increased (Fig. 18, top row). 

These green sand castings required a relatively large 
amount of feed metal. The contour of the risers indi- 
cate that this demand was quite sudden and associated 
with mold dilation. The castings shown in the bottom 
row of Fig. 13 were poured in dry sand. The walls 
of these castings are relatively straight, indicating 
little or no mold dilation. Almost no pipe is apparent 
in any of the risers of the dry-sand-molded castings. 

Figure 14 illustrates a series of castings similar to 
those of Fig. 13, except that the pouring temperature 
of these castings was 2650 F as compared to 2450 F 
for the previous series. The increase in pouring tem- 
perature did not significantly affect shrinkage in 
either the green- or dry-sand castings. 

In Fig. 15, a series of sections are shown cut from 
10 x 8 x L.7 in. plates. The plates were cast in green 
and dry sand molds, unrisered and with 2, 3, and 4 
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in. diameter risers. The unrisered plate cast in green 
sand was essentially free of shrinkage or mold dilation. 
Addition of the 2 in. diameter riser resulted in suffi- 
cient mold dilation that the riser was depleted to 
the level of the casting. As a result, surface dishing 
occurred. 

As the riser diameters of the green-sand-molded 
castings were increased, mold dilation became more 
severe, but the risers were adequate to feed the 
castings. These effects are illustrated in the left column 
of Fig. 15. Comparative castings poured in drv sand 
show relatively little pipe and essentially no mold 
dilation ( Fig. 15, right-hand column ). 

In summary, Fig. 13, 14, and 15 illustrate that green- 
and dry-sand castings of any shape differ principally in 
that risered green-sand castings dilate observably, de- 
mand more feed metal, and require larger risers to 
guarantee soundness than do similar dry-sand castings. 
\ riser for a dry-sand casting will generally feed the 
casting even though the riser may be so small that it 
solidifies long before the casting. This is because vir 
tually all the true solidification shrinkage (of most 
gray irons) has occurred by the time the casting is 
20 per cent solid. In green sand, the main feeding 
requirement is brought about by mold dilation and 
occurs long after true solidification shrinkage has 
ceased. Consequently, an adequate riser for a green- 
sand casting must remain liquid almost as long as 
the casting. It is the timing, not the amount of shrink- 
age, which occasions the need for large risers on 
green-sand castings. 

Atmospheric pressure may have either a detrimen 
tal or a beneficial effect on the soundness of gray-iron 
castings. An undersize riser on a cube or other chunky 
shape, cast either in green or dry sand, may only 
serve to generate a hot spot. The hot spot then may 





Fig. 14 — Sections of 5 in. gray iron cubes poured at 2650F. Cubes in top row were cast in green-sand molds; those 
in bottom row were cast in dry-sand molds. Riser diameters (left to right) are: 1 in., 2 in., 2-1/2 in., 3 in., and 3-1/2 in. 
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vield under the action of internal shrinkage (and 
mold dilation) and external atmospheric pressure, 
causing a local dishing on the casting surtace 

This effect is clearly indicated in various castings of 
Fig. 13 and 14. In the absence of risers, atmospheric 
pressure may promote soundness by encouraging uni- 
form distribution of contractual wall movement. That 
is, by distributing any dishing so broadly that it re 
sults only in a casting of slightly reduced over-all di- 
mensions 

Atmospheric pressure may even promote soundness 
in unrisered green-sand castings, especially those olf 
platelike configuration. This is done by distributing any 
contractual wall movement, and by minimizing mold 
dilation. When a small riser is added to such a cast- 
ing, atmospheric pressure acts through this riser and 
equalizes the internal and external pressures. Mold 
dilation can then more readily occur with consequent 
gross shrinkage. In practice, a green-sand casting 
should either have no riser at all, or a riser adequate 
to feed a dilating casting. These effects are particularly 
evident in the green-sand casting cross-sections of Fig. 
L5. as well as in those of Fig. 3. 

To circumvent the ill effects associated with a hot 
spot, it may sometimes be desirable to isolate the 
riser thermally from the casting. The feasibility of 
this procedure is represented in Fig. 16. A gray-iron 


riser can function through a remarkably small area of 





Solidification and Risering of Gray Iron 


contact with the casting, partly because true shrink- 
age occurs early in the solidification process. 

In addition, small contact permits establishment of 
a temperature difference between the riser and the 
casting. This is an effect of great importance in an alloy 
having a wide freezing range. In a metal like steel, 
for example, it is possible for the riser to be 90 per 
cent liquid at a time when the casting is only 40 per 
cent liquid without any appreciable temperature dif- 
ference between the riser and the casting. 

In gray iron this situation cannot occur. To be sub- 
stantially more liquid, the riser must be at a higher 
temperature than the casting. Such a temperature dif- 
ference cannot be maintained unless thermal contact 
between the riser and the casting is minimized. 

To carry this line of thermal reasoning one step 
further, the maintenance of a favorable temperature 
difference between a small riser and a large casting 
can only be achieved by 1) minimizing riser-casting 
contact, and 2) insulating and/or adding heat to the 
riser. The judicious use of heated risers can accom- 
plish feeding of heavy castings even in green sand 
without the problems (economic and physical) at- 
tendant to use of excessively large risers. 

\ casting fed by an exothermic riser is illustrated 
in Fig. 17. The principle of heated risers was employed 
in effect for all quantitative shrinkage measurements 
performed during this investigation. 





Fig. 15 — Sections of gray iron plates (10 in. x 8 in. x 1.7 in.) poured at 2650F. Plates in left 
column were cast in green-sand molds; those in right column were cast in dry-sand molds. 
Riser diameters (top to bottom) are: 0 in., 2 in., 3 in., and 4 in. 
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Fig. 16 — Photographs of sections of edge risered cube and plate. 


right—10 in. x 8 in. x 1-2/3-in. plate. 


In conclusion, it should be noted that the problem 
of risering gray-iron castings is unique in that 1) ap- 
parent shrinkage is as much a mechanical as a thermal 
problem, and 2) the natural reduction in volume of 
gray iron during solidification, may be essentially com- 
plete when the metal is only 20 per cent solid. Subse- 
quent solidification may actually result in a volume 
increase. 

These characteristics are shared by no other cast 
metal. The importance of these characteristics in de- 
termining the risering requirements of gray cast iron 
is: procedures developed for dimensioning and _lo- 
cating risers of other metals must be modified to apply 
to gray iron risering. However, the basic mechanisms 
underlying the solidification of gray iron are now well 
enough understood that risering can be approached 
systematically, as it has been with other metals. Re- 
liable and general procedures will certainly evolve, 
but these procedures must be based directly on the 
unique characteristics of gray cast iron solidification. 


ACKNOWLEDGMENT 

Over the eight-year period of this research many 
men have contributed importantly in one or another 
way. The authors are grateful to Charles C. Reynolds, 
William O. Schmidt, Paul F. Hughes, Edward Sulli- 
van, George E. Schmidt, and Edwin Backman for their 
direct efforts in making this work possible. Apprecia- 
tion is also acknowledged to the Gray Iron Division of 
AFS for their initial sponsorship and guidance, and 
in particular to James Vanick for his suggestions and 
continued enthusiasm. It would not have been possi- 
ble to undertake the work in the beginning or to 
have completed it without the interest and financial 
support of Donald J. Reese and the International 
Nickel Company. 


REFERENCES 


1. B. F. Brown and H. F. Taylor, “Risering of Gray Iron 

Castings—Report No, 1”, AFS, Chicago (1950). 

B. F. Brown and H. F. Taylor, “Risering of Gray Iron 

Castings—Report No. 2”, AFS, Chicago (1950). 

. W. A. Schmidt and H. F. Taylor, “Risering of Gray Iron 
Castings—Report No. 3”, TrRANsactions AFS, 60 (1952), 
D. Ri. 

4. W. A. Schmidt and H. F. Taylor, “Risering of Gray Iron 

Castings—Report No. 4”, Transactions AFS, 61 (1953), 
pp. 131-141. 


lo 


ws 





Pouring temperature 2650 F, green-sand molds. Left—5 in. cube; 


Exothermic -:..-: 

Blind Frser-~ .° 
Exothermic ” Sey | 
Knock-off Core———s: 

Oil Sand ee 


Knock-off Core .°.* 


‘ 
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core inserts are sketched. 
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THE EFFECT OF COOLING RATE ON 
THE GRAIN SIZE OF MAGNESIUM CASTING ALLOYS 























By 
R. D. Green* 

ABSTRACT laver thickness on the type of crystallization in several 

. —S _ ,; ea aluminum alloys. Hensel? mentions the effect of 

A study of the effect of cooling rate on the grain size TT eee i ; OK we = oe ee 
of several magnesium-aluminum-zine alloys and a mag- solidification time on the gram sist of nickel silve : 
nesium-rare earth-zinc alloy is presented. It is shown and a 5 per cent tin bronze. Silvagni and Mondolfo 
that the grain size of Mg-Al-Zn alloys is established at point out the difference in grain size of chill cast 
50F (28 C) below the liquidus. For the case of the Sa eer a ae a eet 

Mg-RE-Zn alloy the grain size is established at 30F (solid in 5-10 sec) and sand cast (solid in 4-5 min 

(17C) below the liquidus. Correlation of grain size and ternary aluminum base alloys. 

ee oe pov Tad Ms- Some work of a similar nature was that of Winkler® 

increases to 200F/min, and then remains constant with who studied the relationship between cooling velocity 
further increases in cooling rate to 600F/min. and crystal size of basaltic magma in dikes. The 
There is little effect of cooling rate on the grain size ; 
of the Mg-RE-Zn alloy. The effect of cooling rate on m 
grain size is explained on the basis of constitutional TABLE 1 — NOMINAL COMPOSITION OF ALLOYS 
supercooling and nuclei effectiveness. 
Alloy Al % Zn % TRE® % Mn % Zr 
INTRODUCTION 4Z63A 5.3-6.7 2.5-3.5 0.15 Min. 
all ; : eS ~~ oe ea AZ92A 8.3-9.7 1.6-2.4 0.10 Min. 

One of the me thods of achieving a fine grain size AZ81A 7081 04-10 0.13Min. .. 
and its resultant benefits in magnesium alloy castings EZ33A 2.0-3.5 2.5-4.0 0.5 Min. 
is rapid freezing. This is readily achieved in die cast- ®* Total rare earth — added as mischmetal. 
ings. In fairly heavy sections of permanent mold sand 
castings and in thin sections of sand castings, it is not TABLE 2 — ANALYSES OF ALLOY COMPOSITION 
so. The most readily adaptable method of increasing 

. . inendlasay: discon asap Alloy Al % Zn % TRE® % Mn % Zr 
the cooling rate of sand castings is the insertion of ; : 
chills into the mold. To make intelligent use of chills AZ63A 6.2 3.01 0.25 

rr : : ‘ i si" AZ92A 9.1 2.08 0.19 
resulting cooling rates in fine grain size and temper- AZSIA. 8.0 073 0.99 
ature range through which the rates must be deter- EZ33A 3.10 2.92 0.64 
mined must be known. ° Total rare earth — added as mischmetal. 

In view of the long time for which the effect of 
cooling rate on grain size has been known, the results TO RECORDER 
of an extensive literature search were rather disap- 
pointing. Despite the fact that it has been known JUNCTION BLOCK 
for many years that rapid cooling usually results in 
fine grain size, little quantitative work has been meer 
done on the subject. This may be a case where 
accurate measurements were impossible to make when 1/C THERMOCOUPLE 
an effect was first noticed. Over the years the prin- a 2 
ciple became so well known that when instruments ae pig | | 
were developed which would make accurate measure- cooling range sam- uo Round Roo | oh 
ments possible, no one bothered to make any quanti- ples. ipo aes TURE 
tative studies. 

Perhaps the closest approach to the present work is 
that of Popov' who made an extensive study of the | ot 
effect of casting temperature, cooling velocity, and 
ce i uh {! I 

: : ‘ ARMCO ——= 
*Metallurgical Laboratory, Magnesium Department, The Dow AON CRUCIBLE \\\4 | 
Chemical Co., Midland, Mich. 
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similarity of phenomena occurring when magmas and 
when metals solidify had earlier been pointed out by 
Smith.® The effect of cooling rates through tempera- 
tures above the liquidus has also been investigated.’ 
Although it can be shown that slow cooling rates in 
this range result in coarse grain size in superheated 
magnesium-aluminum-zine alloys, the same effect is 
achieved by holding the melt at low temperatures. 
Slow cooling rates in the liquid range are equivalent 
to holding at low temperatures, and should not be 
misconstrued as being a true effect of the cooling 
rate on the grain size of these alloys. 


PROCEDURE AND APPARATUS 

The alloys studied in this work were AZ63A, AZ92A, 
AZS1A and EZ33A. The nominal composition of the 
alloys is listed in Table 1. The spectroscopic analysis 
of the composition of the alloys used is shown in 
Table 2. 

The melts of the various alloys were prepared in 
clean steel crucibles using standard magnesium melt- 
ing and alloying techniques. The magnesium-alumi- 
num-zine alloys were chlorinated at 1350F (732 C) 
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and superheated at 1650F (899 C). These alloys 
were then allowed to cool to 1480F (804 C) for ob- 
taining freezing range samples, or to 1450F (788 C) 
for pouring the castings from which cooling-rate speci- 
mens were obtained. The magnesium-rare earth-zinc 
alloy was flux refined at 1400F (760 C) after alloying. 

Before cooling rates could be accurately determined, 
it was necessary to establish the temperature range 


/ / 
1/C THERMOCOUPLES 

















Fig. 2 — 33 & 3 &X 16 in. bar casting used for cooling rate 
samples. 
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t Fig. 3 — Solidification progress of AZ92A. 100X. Upper left — quenched at liquidus. Upper right — quenched at 10F below 
liquidus. Lower left — quenched at 20F below liquidus. Lower right — quenched at 30F below liquidus. (Continued on next page.) 
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through which cooling rates were effective. The ap- 
paratus used for obtaining freezing range samples is 
illustrated in Fig. 1. The crucible was immersed in 
the molten metal until it reached metal temperature 
and was then submerged to be filled with metal. The 
sample was then held in still air for cooling. 

\ glass insulated iron-constantan thermocouple was 
connected to a high speed recorder which was cali 
brated with a potentiometer before and after each 
run. The temperature drop was followed on_ the 
recorder. When the desired temperature below the 
liquidus was reached the sample was plunged into 
a bucket of cold water. The samples obtained in this 
manner were sectioned for metallographic examina- 
tion. 

The samples for correlation of cooling rate and 
grain size were taken from 3-in. x 3-in. x 16-in. bars 
which were chilled with steel chills arranged as shown 
in Fig. 2. Glass insulated iron-constantan thermocoup- 


les were placed every 2 in. along the casting centerline. 
Temperatures were recorded with a 16 point recording 


potentiometer which printed once each sec. 


Fig. 3 (Continued) — Solidification progress of AZ92A. 100 x. 
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Upper left — quenched at 40F below liquidus. 
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The thermocouples in the most heavily chilled lo- 
cations were so connected as to print in 3 positions. 
The castings were sectioned so that each metallo 
graphic specimen contained a thermocouple bead. 

The grain size of the specimens was measured by 
the comparison method. The as-cast grain size was 
determined and then the magnesium-aluminum-zinc 
alloys were solution heat treated and slightly aged. 
This treatment made the grain boundaries more dis- 
cernible. Since there were few discrepancies in the 
grain sizes in the two conditions, the latter were 
considered more accurate and have been used as the 
correct results. 

RESULTS AND DISCUSSION 
Cooling Range 

The amount of metal solidified at any temperature 
between the liquidus and solidus temperatures is not 
a linear function of A T (liquidus temperature minus 
the temperature under consideration). It is neces- 
sary to determine at what temperature below the 
liquidus the grain size is established before one can 
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investigate the effect of cooling rate on grain size. 
Previous work in this field was done using solidification 
time as a measure of cooling rate.**4 

Figure 3 illustrates the solidification progress of 
AZ92A which is typical of the magnesium-aluminum- 
zinc alloys, while Fig. 4 illustrates the same mechanism 
for EZ33A. An examination of the photomicrographs 
reveals that the grain size of the magnesium-alumi- 
num-zine alloys has been established when the metal 
has cooled to a temperature of 50F (28 C) below the 
liquidus. The equilibrium liquidus-solidus range for 
the various alloys is from 215-280F (120-156 C) and 
the nonequilibrium range is even greater. 

In addition, cooling curves for AZ63A showed a 
definite break and an increase in slope at 50F (28 C) 
below the liquidus at various cooling rates. This indi- 
cates that the rate of release of latent heat of fusion 
had decreased due to a decrease in the rate of solidi- 
fication. Analysis of the photomicrographs on a volu- 
metric basis reveals that at 50F (28 C) below the 
liquidus 80 to 90 per cent of the metal is solid. 
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Thus, when the cooling rate of magnesium-alumi- 
num-zine alloys is mentioned hereafter, it will refer 
to the cooling rate from the liquidus to the liquidus 
minus 50F (28 C). Similarly, in the case of EZ33A 
the grain size is established at only 30F (17 C) be- 
low the liquidus, and this is the temperature range 
through which the cooling rate will be determined. 
Correlation of Cooling Rate and Grain Size 

As expected, slow cooling rates resulted in larger 
grains than did fast cooling rates. The effect of cool- 
ing rate on the grain size of chlorinated and super- 
heated magnesium-aluminum-zinc alloys is shown in 
Fig. 5, 6 and 7. The three curves are similar in all 
respects. The average grain diameter decreases to 
0.004 in. as the cooling rate increases to 200F/min. 
(111 C/min. ). 

Further increases in the cooling rate do not result 
in any reduction of grain size. It should not be as- 
sumed that a grain size of 0.004 in. is the smallest 
that can be achieved in magnesium-aluminum-zinc 
alloys. Average grain diameters of 0.001-0.002 in. are 





Fig. 4 -. Solidification progress of EZ33A. 100X. Upper left — quenched at liquidus. Upper right — quenched at 10F below 
bentiien. I omar left ~ fh sim. 00 at 20F below liquidus. Lower right — quenched at 30F below liquidus. (Continued on next page.) 
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quite common The minimum grain size in any given 
case will depend on composition and grain refine 
ment tec hnique 

Figure 8 shows the effect of cooling rate on the 
grain size of EZ33A. It is quite apparent that there 
is little variation in average grain diameters over the 
entire range of cooling rates. This was not unexpect 
ed since the zirconium addition to this allov is an 
effective grain refiner. The grain size is established 
at onlv 30F (17 C 

The data show some indication that at low cooling 


below the liquidus 


rates the curves should be drawn as a band rather 
than as a single line. This is better illustrated if 
grain size is considered on a volume basis rathet 
than as average grain diameters. For instance, when 
the average grain diameter is halved, the number 
of grains per unit volume is increased eight times. 
Thus, small differences in average grain diameters 
result in large differences in the number of grains 
per unit volume. If the data are plotted on semi-log 
paper as cooling rate vs number of grains per unit 
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Fig. 4 (Continued) — Solidification progress of EZ33A. 100. 
quenched at 50F below liquidus. Lower left — quenched at 75F below liq 
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volume, the spread in grain size at lower cooling 
rates becomes more apparent. 

The mechanism by which rapid cooling results in 
fine grain size is perhaps best explained by consid- 
ering the phenomenon of constitutional supercooling.” 
Solidification of an alloy results in a layer of solute 
rich liquid at the solid liquid interface as shown in 
Fig. 9A. That this solute rich laver actually exists has 
been shown by Tiller and Rutter.’ At slow cooling 
rates the interface temperature is not much below that 
of the bulk liquid. The thermal gradients through 
the enriched layer are rather low. 

As the cooling rate increases the interface temper 
ature decreases, and steeper thermal gradients are 
formed which result in a greater degree of super- 
cooling of the enriched laver. Figure 9B shows the 
(straight line) and the equili 
brium liquidus temperatures (curved line) which re- 


liquid temperatures 


sult from different cooling rates. The area between 
the lines represents the degree of undercooling in 
the liquid. 





t — quenched at 40F below liquidus. Upper right — 
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Fig. 5 — Effect of cooling rate on the grain size of AZ63A. 


It is well known that as the degree of undercooling 
increases there is an increase in the concentration of 
effective nuclei. A greater concentration of effective 
nuclei results in more grains, i.e., a finer grain size. 
\s shown in Fig. 9B, rapid cooling results in a greater 
degree of undercooling. This in turn causes an in- 
crease in the number of effective nuclei and a finer 
grain size. 

The preceding explanation is applicable to the 
results obtained with the magnesium-aluminum-zinc 
alloys. Although the same mechanism is operative in 
the magnesium-rare earth-zine alloy, the variation in 
grain size is not as great since the presence of 
zirconium apparently produces nuclei which require 
little undercooling to become effective. Thus, variation 
in cooling rate has little effect on the grain size of 
zirconium containing alloys. 

The minimum grain size achieved in the magnesium- 
aluminum-zine alloy is worthy of consideration. The 
simplest explanation is that in heterogeneous nuclea- 
tion it is possible for the preferred nucleation sites 
to be exhausted.'® Thus, if there is a finite number of 
nucleation sites, it should be possible to obtain a de- 
gree of undercooling (function of cooling rate) which 
will cause them all to be effective. Once this condi- 
tion has been achieved, further increases in the de- 
gree of undercooling would not cause any increase 
in the number of grains formed. 

The alternative case is that there was an infinity 
of possible nucleation sites. Since a minimum grain 
size was reached, it is obvious that there was some 
limitation as to the number of nuclei which could be- 
come effective. It is safe to assume that in a given 
alloy system there is a maximum degree of super- 
cooling possible. Since the alloys under consideration 
had established a grain size at 50F (28 C) below 
the liquidus, it would seem the maximum degree of 
undercooling is a function of both cooling rate and 
temperature. A combination of the two is reached 
where further undercooling is not possible and the 
remaining nucleation sites cannot become effective. 


CONCLUSIONS 
On the basis of the preceding, several conclusions 


can be drawn about the effect of solidification condi- 
tions cn the grain size of magnesium casting alloys. 
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Fig. 6 — Effect of cooling rate on the grain size of AZ92A. 


1. The grain size of magnesium alloys is established 
at temperatures not much below the liquidus tem- 
perature. When considering the effect of cooling rate 
on grain size, the cooling rate through this range 
should be used rather than the cooling rate through 
the entire solidification range. 

2. The grain size of magnesium alloys decreases as 
the cooling rate increases to certain values. Further 
increases in cooling rate result in no additional de- 
crease in grain size. 
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Fig. 7 — Effect of cooling rate on the grain size of AZSIA. 
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Fig. 8 — Effect of cooling rate on the grain size of EZ33A. 
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ANNEALING OF MALLEABLE IRON: EFFECT OF REPEATED 
ANNEALING ON RATE OF SECOND STAGE GRAPHITIZATION 


By 


J. E. Rehder* and J. E. Wilson* * 


INTRODUCTION 

As a result of studies made in the last 10 years or 
so of the annealing of black heart malleable iron, our 
understanding of the kinetics of the process is fairly 
good. This is especially true in the so-called first stage 
of the process. Here primary carbide is decomposed 
at relatively high temperature, usually in the range 
1650-1750 F (900-950 C). Schneidewind' has ably 
summarized the data on the quantitative effects on 
annealing rate of as-cast section thickness, tempera- 
ture of anneal, and many composition factors. 

Our data and understanding are less satisfactory 
for the second stage of the process where pearlitic 
carbide is decomposed or its creation avoided to 
achieve a final ferritic matrix. The metallurgy here is 
complicated by the fact that there are two quite dis- 
tinct ways of eliminating pearlite. One way is by 
avoiding its formation during cooling from first stage 
annealing temperature through the critical tempera- 
ture range. The other way is by allowing pearlite to 
form and then decomposing its carbide by holding at 
a temperature just below the bottom of the critical 
temperature range. 

Various combinations of the two methods are of 
course possible. The latter, where pearlite forms and 
is then decomposed, evidently is similar in nature and 
kinetics to that for first stage annealing. The relation- 
ship in first stage annealing between time necessary 
for decomposition and temperature of holding has 
been contributed to and summarized by Rehder?. 
Second stage annealing by this process is therefore 
for practical purposes predictable, though not as 
fully as for first stage annealing. 

However, most commercial annealing of black heart 
malleable iron includes a slow cool through the cri- 
tical temperature range. Here most or all of pearlite 
elimination is achieved, and sub-critical holding is 
seldom necessary. This has been not only an historical 
development, all mealleable annealing being finished 
in this way until some 30 years ago, but it is still the 
simplest and most practical second-stage process to 
apply especially in large furnaces. 





® Vice President, technology, Canada Iron Foundries, Ltd., 
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58-83 


387 


The metallurgy of the slow-cool process of elimin- 
ating pearlite has not been adequately explored and 
is not well understood. However, a start has been 
made by a description of the apparent equilibrium 
critical temperature range that exists in commercial 
irons, as affected by silicon content’. 

A relationship published by Rehder‘t showed that 
for a given iron, a slow or controlled cool through the 
critical temperature range gave a ferritic matrix in 
considerably less time than did rapid cooling and sub- 
sequent holding below the critical temperature range. 
It seems evident that the minimum total annealing 
time always can be achieved by the slow cool rather 
than by the holding process. Data by Gilbert® and 
unpublished work by the writer shows that the impact 
strength of the final iron is better from the slow cool 
than from the sub-critical hold process. 

The facts of less total furnace time, more practical 
control possibilities, and higher toughness of the prod- 
uct, make the slow-cool second-stage anneal the more 
valuable commercial process. Our knowledge of this 
second stage should be extended. 


OBJECT OF PRESENT WORK 

It is occasionally necessary to re-anneal malleable 
or other iron due to retention of either primary car- 
bide or of pearlite. Little is known of the effect on 
annealing or carbide stability of re-cycling through 
the temperature involved. It is well-known that the 
decomposition of carbide by heat is additive. If 10 
hr holding at 1750 F (954 C) is necessary to decom- 
pose all of the primary carbide in a given iron, two 
separate five hr periods at that temperature will ac- 
complish the same result. 

The same is true of pearlitic carbide. If either pri- 
mary cementite or pearlite remain in an improperly 
annealed iron, they can be eliminated by reheating 
to the appropriate temperature for a suitable time. 

However, if it is primary carbide that must be elim- 
inated, the heating to above the critical temperature 
range re-forms austenite and the second stage of an- 
neal must be repeated. If only elimination of small 
quantities of pearlite is required a re-heat and hold 
at just below the critical temperature range will be 
sufficient. This is true only if a furnace is available 
with the required good temperature control. 
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Fig. 2 — A pearlitic rim formed at the as-cast surfaces during 
the first traverse. Etched. X6. 





Fig. 3 — The pearlitic rim formed during the first traverse at 
the as-cast surfaces deepened during succeeding traverses. 
Shown is the sixth traverse. Etched. X7. 


50 ° modern castings 








Annealing Malleable Iron 


Usually retention of pearlite is handled by a nearly 
full re-anneal since it is more convenient and does 
not require extra equipment. In either case the effect 
of re-anneal on second-stage stability is important, 
and to the writer’s knowledge has not been published. 
It is the object of the present short study to determine 
this effect. 

The fact that the data to be developed are appli- 
cable quantitatively to nodular irons, gray irons and 
white irons, will bear repetition since in the writer's 
experience all data on the kinetics of graphitization 
so apply. 


METHOD 


In outline, the procedure was to re-anneal a com- 
mercial white iron several times and to then deter- 
mine the annealability or maximum annealing rate 
of the product. The white iron was in the form of 
bend test bars, 5/16-in. thick, 1-1/4-in. wide and 8 
in. long. The test bars were poured from regular pro- 
duction cupola-air furnace duplexed iron of a Cana- 
dian iron company. The bars were cast in pairs in 
green sand from a single ladle. Drillings gave the 
composition shown in Table 1. 

The time necessary for first stage graphitization 
was determined by quenching samples of the white 
iron from 1750 F (954 C) at intervals and examin- 
ing the structure for presence or absence of primary 
carbide. The time necessary for this material was 
found to be 2-1/2 hr + 1/4 hr. The maximum per- 
missible cooling rate for second-stage anneal was then 
found by taking small pieces of the white iron and 
individually heating them to 1750 F (954 C), holding 
2-3/4 hr, and cooling from 1450 F (788 C)—1300 F 
(704 C) at various rates. The resulting microstructure 
was examined for pearlite. The maximum cooling rate 
at which complete freedom from pearlite could be 
achieved was found to be 20 F + 2 F per hr. 

Six lengths of the white iron were then packed in 
cast iron chips in a shallow stainless steel tray. This 
was put into a muffle furnace at 1200 F (649 C) and 
heated at full power input to 1750 F and held at 
temperature for 2-3/4 hr. It was then cooled at maxi- 
mum furnace cooling rate with power off to 1450 F, 
equalized at 1450 F for 15 min, and then cooled from 
1450 F-1300 F at a controlled rate of 20 F per hr. A 
check of the resulting microstructure showed it to be 
completely ferritic. 

One of the bars was then cut into small samples, 
and these were individually reheated to 1750 F and 
soaked for 15 min to re-dissolve graphite to form a 
homogeneous austenite. It was then cooled at maxi- 
mum furnace rate to 1450 F, equalized for 15 min, 
and cooled from 1450 F-1300 F at various rates to 
determine the maximum cooling rate at which the 
resulting structure was completely ferritic. This was 
found to be 37.5 F + 2.5 F per hr. 

The five bars remaining from the first-stage anneal 
and first slow cool were then treated in cast iron 
chips in the stainless steel tray by the re-heat process 
previously described and cooled from 1450 F-1300 F 
at 35 F per hr. This provided raw material for the 
third experimental traverse. This procedure was con- 
tinued until six complete traverses of the critical tem- 
perature range were investigated. 
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The effect of holding time at 1750 F was investi- 
gated, since conceivably further homogenization 
might result and material that had been through five 
traverses had been held 60 min longer at 1750 F 
than the first material. Extra holding at 1750 F was 
found to be without effect. The maximum cooling 
rate permissable after holding at 1750 F for 4-1/4 hr 
was 20 F per hr, as after minimum holding. 

With respect to re-solution of graphite prior to a 
re-traverse of the critical temperature range, it was 
known that one min at 1750 F after heating in the 
furnace used resulted in a visually homogeneous mi- 
crostructure and maximum quenched hardness, so 15 
min holding should have been ample. 

Hardness determinations were made on the samples 
resulting from each cycle, using the Rockwell “B” scale 
and averaging six readings for each determination. 

Photomicrographs were taken of structural details, 
the photomicrographs of Figs. 2 and 3 being taken in 
oblique light which shows pearlitic rim and temper 
carbon nodules as white and the ferrite dark. 


RESULTS 

The maximum cooling rates at which a completely) 
ferritic matrix is obtained, for each of the traverses 
of the critical temperature range, is shown in Table 
2 and Fig. 1. Hardness values of each end product 
are also given as measured and as converted to Brin- 
ell for 500 kg. load. 

Although protection from oxidation was nearly 
perfect, a pearlitic rim formed at the as-cast surfaces 
during the first traverse and deepened during subse- 
quent anneals. This is shown in Figs. 2 and 3. 

A pearlitic rim such as seen in Figs. 2 and 3 did not 
form at cut or machined surfaces, as shown in Fig. 4. 

As-cast surfaces contained a layer free of temper 
carbon nodules and a thin outer layer which was ap- 
parently too low in carbon to form pearlite. This thin 
outer layer of ferrite disappeared during the 6th 
traverse, probably from carbon diffusing out from the 
pearlite layer farther in. This is shown in Figs. 5 and 6. 

The temper carbon nodules were considerably 
larger and fewer near as-cast edges, as seen on a 
comparison of Figs. 5 or 6 with Fig. 4. This is shown 
more clearly in Fig. 7. 


Annealing Rate 

It is evident from Table 2 and Fig. 1 that repeated 
traversing of the critical temperature range increases 
the second-stage annealability of malleable iron by 
a considerable amount. The largest percentage in- 
crease is on the second traverse or the first re-anneal. 
The reason for or the mechanism of the change is 
obscure, as is that of the graphitization reaction. 

The first thought that it might be connected with 
greater opportunity for diffusion and homogenization, 
is countered by the fact that longer holding at super- 
critical temperature, which should produce more ho- 
mogenization, had no effect on annealing rate. An 
appreciable decrease in hardness occurred along with 
the increase in annealability, but even if they were 
connected the basic mechanism is not known. 


Surface Effects 


Although protection of the sample from oxidation 
during annealing was good, as evidenced by the fact 
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that a metallographically polished surface put through 
an annealing cycle still showed grain boundaries and 
the texture of temper carbon in nodules, some pro- 
gressive surface effects took place. Apparently a pear- 
litic rim can form and deepen on an as-cast surface, 
but much less readily on a machined surface. This has 
been noted before by Cowan® and the present obser- 
vations do not increase our understanding. 


TABLE 2 — NUMBER OF TRAVERSES VS. MAXIMUM 
COOLING RATE 








No. of Max. Cooling Rate, F per hr Hardness of Iron 
Traverse for Ferritic Matrix Rb BHN 
20.0 71 112 
2 37.5 65 102 
3 52.5 60 95 
4 60.0 57 9] 
5 65.0 55 89 
6 67.0 55 89 
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Fig. 4 — The pearlitic rim shown in Figs. 2 and 3 did not form 
at cut or machined surfaces. Shown is the second traverse, 
machined edge. 2 per cent nital etch. X100. 





Fig. 5 — The as-cast surfaces contained a layer of temper 
carbon nodules and a thin outer layer too low in carbon to 
form pearlite. The as-cast edge, first traverse, is shown. 2 per 
cent nital etch. X100. 
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Annealing Malleable Iron 





Fig. 6 — The thin outer layer of ferrite disappeared during the 
sixth traverse. Shown is the as-cast edge, sixth traverse. 2 per 
cent nital etch. X100. 


It should be noted that the increasing depth of 
pearlite rim in the present work can be explained 
on the basis of some given theory of rim formation. 
It can also be explained on the basis of the as-cast 
surface of the iron being unchanged in annealability 
by repeated traverses and the rim deepening with in- 
creased cooling rate. 


Hardness 

The values obtained decrease logarithmically with 
re-annealing, but since the fifth and sixth results are 
the same some minimum value seems to be ap- 
proached. The final hardness is unusually low with 
no evidence of cause. 


Practical Considerations 


Practical use of the effect of re-annealing on sec- 
ond-stage graphitization rate can be made in three 
ways. If re-anneal has been necessary because of re- 
tention of primary carbide due to furnace trouble or 
insufficient time at temperature, the cooling rate 
through the critical temperature range can be in- 
creased for the re-anneal by about 85 per cent with 
a proportionate saving in time. This is possible of 
course only when good control over the furnace cycle 
is possible. Good control of the furnace cycle is the 
case on nearly all modern furnaces, especially where 
no packing is used. 

If re-anneal is necessary because of retention of 
pearlite after the regular anneal, then there is some 
assurance that a repeat at the same cooling rate will 
eliminate the pearlite since the iron has been rendered 
more annealable by its first anneal. This effect has 
been taken advantage of for many years in everyday 
malleable foundry operation, but there has been no 
evidence of the size of the advantage possible. It is 
apparent that an occasional contamination of chromi- 
um for example, can to an appreciable extent be taken 
care of by one or two re-anneals. A second re-anneal 
at the original rate represents a 160 per cent increase 
in annealing effectiveness. 
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Fig. 7 — The temper carbon nodules are considerably larger 
and fewer near as-cast edges. Shown is the complete width, 
first traverse. Unetched. X6. 


Where separation of first stage (decomposition of 
primary carbide) and second stage annealing is pos- 
sible, it might appear advantageous to let the furnace 
charge cool to below the critical temperature range 
and then re-heat for the slow cool to eliminate pearl- 
ite. A faster cooling rate might then possibly be used, 
but the power and time necessary to re-heat would 
probably be too high a price to pay. This is because 
the increase in rate would be minor due to the effect 
of the pearlite retained the first time. In special cases, 
such as in the annealing of Delavaud pipe which is 
relatively high in carbon and silicon and so in anneal- 
ability, an air cool to below the critical before re- 
heating may be of advantage. 


CONCLUSIONS 


The above data are considered to show that: 
1. The process of eliminating pearlite in iron of 
black heart malleable composition by slow cooling 
through the critical temperature range, is affected 
strongly by the thermal history of the material. 
The effect is towards greater annealability, and 
amounts to as much as 85 per cent on the first re- 
peat. 
3. The effect is apparently independent of soaking 
time at high temperature. 
4. The hardness of the material decreases as anneal- 
ing is repeated. 
5. The mechanism or cause of the effect is not known. 
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ABSTRACT 
This report describes the effect of four important 
variables: pouring temperature, moisture content of 


green sand, chilling, and depth of machining, upon the 
pressure tightness of 85-5-5-5 castings. Following pro- 
cedure described in previous reports! 2-in. X 2-in, X 
12-in. long bars were cast under controlled conditions 
in molds of different sand compositions and with vary- 
ing chill design. Critical specimens were sampled at 
various depths beneath the surface for determination 
of leak rate. 

Pouring temperature variation from 1900F-2300F re- 
sulted in progressive change from low leakage to severe 
leakage for the entire length of the bar. 

As moisture content was changed over the range from 
dry sand to 5.5 per cent maximum, leakage increased 
only slightly. 

Chilling decreased leak rate and shifted location of 
the porous zone markedly. A variety of tapered chills 
was employed with success. 

Increased leak rate was encountered with greater 
depth beneath the surface in most cases. Maximum 
porosity was encountered at the center of the section. 


INTRODUCTION 

The long-range purpose of this investigation is to 
determine the important factors governing porosity in 
85-5-5-5 bronze. Basically it is recognized that, aside 
from mechanical gas entrapment, porosity can result 
from precipitation of dissolved gases or volume 
changes associated with solidification. However, the 
relative contributions of these effects are unknown. 
To complicate the problem, a given void can result 
from the combined effects of gas and _ solidification 
shrinkage. 

To provide information leading to the ultimate sep- 
aration and evaluation of these variables a standard 
test specimen was developed. The effects of changes 
in metal history and mold composition upon pressure 
tightness were observed. Information of immediate 
value to the foundryman and clues leading to the 
important variables could be obtained in this way. 

In previous reports * ° melting, molding, and pres- 
sure testing were reviewed in detail. They will be out- 
lined here for the readers convenience. 

® Prof., Chemical and Metallurgical Engineering Dept., Uni- 

versity of Michigan, Ann Arbor. 


*° University of Michigan. 
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MELTING AND POURING PRACTICE 

Melting is done in a gas-fired crucible furnace us- 
ing 100 per cent ingot under the prescribed oxidizing 
atmosphere. Just before tapping, 1 per cent zinc is 
added and then two ounces of phosphorus-copper 
per 100 lb of metal is plunged in the ladle. 

Standard specimens were checked for analysis and 
found to be within the 85-5-5-5 specification. The 
standard tapping temperature was 2230 F, pouring at 
2025 + 5 F, except when varied for the pouring tem- 
perature series. In the case of the pouring tempera- 
ture series, the melt was superheated to 2430 F and 
separate ladles were tapped, deoxidized, and poured 
at the indicated temperatures. Thus, all bars had the 
same melt history. Temperatures were measured and 
recorded with a chromel-alumel couple contained in 
a thin-walled protection tube. 

Pouring technique involved filling the pouring basin 
fitted with a graphite plug to avoid dross. Molds were 
poured at an uphill slope of 1 in. per ft to provide a 
smooth metal flow. 


MOLDING PRACTICE 
Molds were prepared on a jolt-squeeze machine 
using metal patterns, synthetic sand, or core sand. 
Graphite wedges were used as chills. A typical cast- 
ing, riser, and runner system is given in Fig. 1. 


PRESSURE TESTING 
A longitudinal slice 2 in.xl12 in.x1/32-in. was taken 
in a horizontal plane at the centerline of the casting 








identifying marks have been applied. 


August 1958 * 53 











Porosity of 85-5-5-5 Bronze 





2 — Drawing of test casting. 
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SAMPLE 
(Fig. 2). Additional specimens were sometimes cut 
parallel to this at depths closer to cope or drag sur- 
faces. The specimens were finish machined with a 
shaper using a constant machining practice avoiding 
smearing. 

Testing was performed with compressed nitrogen 
at 100 psi, measuring the rate of flow through selected 
| 2-in. diameter x 1/32-in. thick volumes of the spe- 
cimen. A plot of leakage rate vs. position in the bar is 
then made for each specimen (see graphs). 
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VISUAL AND METALLOGRAPHIC EXAMINATIONS 


The slices were examined in the as-machined con- 
dition, and in certain cases after polishing and etch- 
ing with 30 per cent nitric acid. Selected specimens 
were cut for micro-examination. In general, macro- 
specimens with a leak rate below 60 ml/sec do not 
show any visible porosity. 


EXPERIMENTAL DATA 
Four variables were selected for principal atten- 
tion in conference with the research committee: 
1) Pouring temperature. 
2) Mold material—green sand of different moisture 
contents, dry sand. 
3) The effect of chills. 
$) The effect of sample depth in the bar (effect of 
depth of machining ). 


Pouring Temperature 

Pouring temperature has long been suspected as an 
important factor in pressure tightness control. The 
evidence of Figs. 3, 4, and 5 indicates an extreme ef- 
fect. It is obvious that pouring at low temperatures, 
(about 1900 F) is very beneficial. Two additional 
heats were poured with the same type of indications 
but are not included in the data because of overly 
long melting time. 

It should be emphasized that off-scale leak rates 
are obtained not only with very high pouring tem- 
peratures, but also that variations from 1900 F to 2000 
F result in a change of leak rate from 11 to 50 times 
at critical regions of the bar (the 2-in. station, for 
example). This factor may also be encountered in 
critical sections of commercial castings poured over 
a relatively small temperature range. 

This sensitivity to pouring temperature is present 
both with green-and dry-sand molds. In both cases, 
the curves follow about the same trend indicating that 
the region around 1900 F gives best results. 

A word of caution in applying these results to ac- 
tual casting conditions: there is a difference between 
the pouring temperature and the temperature at 
which the casting cavity is filled. This depends upon 
the gating system. Based on some preliminary thermo- 
couple data, it is believed that the temperature drop 
in this test casting is quite small because of the rapid 
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pouring rate and relatively large gates. Therefore, a 
pouring temperature of 2000—2100 F might give the 
same solidification pattern in a commercial casting 
with small or long gates or at a slower pouring rate 
as obtained with 1900—2000 F in the test casting. The 
emphasis in this investigation has been to determine 
which foundry variables are important before apply- 
ing the results. 

The metallographic examination of the samples dis- 
closed the following information. All specimens which 
showed leak rates above 60 ml/sec, poured at 2100 F 
or higher, showed severe spherical porosity in the 
upper 1/4—1/2-in. layers (Fig. 6b). It is interesting 
to note the greatest porosity is just beyond the end- 
chill affected zone. The gas rejected during the freez- 
ing of the first metal concentrated in this zone. 

The grain size varied directly with the pouring 
temperature (Fig. 6a). The low pouring temperature 
produces an essentially sound, fine-grained micro- 
structure (grains less than 1/16-in. diameter). Only 
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a few fine voids were apparent at 500 diameter. The 
microstructure of the bars poured at 2300 F exhibited 
a porous microstructure with large grain size (over 
1/4-in.). Columnar structure was not present in any 
of the speciments to any extent. All exhibited equi- 
axed grains except in the chilled regions. 


Moisture Content of Sand 

The data of Figs. 7, 8, and 9, indicate that in the 
range investigated (from dry sand to 5.5 per cent 
H.O) increased moisture leads to somewhat greater 
porosity. This variable is not as potent as pouring 
temperature. It should be pointed out that the values 
of 2.6 and 5.5 per cent moisture have undesirable 
working conditions for this sand. They were only em- 
ployed to give a wide range of water contents for 
the experiment. 

In the attempt to obtain a really dry sand (the so- 
called dry sand was baked using conventional prac- 
tice 400 F, 14 hr), a good many molds were calcined 








Fig. 6a — Macro-examination of varying temperatures 30% HNOs etched. 1X. (Reduced slightly in reproduction) 
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6a — 3 — H24, bar 4, 1900 F, 1-in. C depth. 
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at 1300 F. Unfortunately, as the tightly bonded water 
is driven from the bentonite, the mold loses strength 
and is difficult to assemble. Other experiments are in 
process in the attempt to provide an end point for 
the moisture series. 

These experiments with moisture content were con- 
ducted at a pouring temperature of 2025 F. It is pos- 
sible that the combination effect of pouring tempera- 
ture and water content may lead to more severe por- 
osity under other conditions. It is important to sepa- 
rate the possible effect of any gases in the metal re- 
sulting from water in the mold by the experiments 
under way using calcined molds. Fisher*, for example, 
has established that under turbulent conditions spher- 
ical porosity is more pronounced in oil-bonded sand 
molds than in green or cement bonded molds. 


The Effect of Chills 
Two types of graphite chills (Fig. 10, a and b) have 
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been used in addition to the end chill which is stand- 
ard in all specimens. 

The complete-chill designation indicates that the 
face or faces labelled as chilled are completely formed 
by the chill. The chilling varies progressively since 
the chill tapers from 2-in. thick at the chill end to 
Q-in. at the riser. 

The partial chill employs the same chiller, but 
these are set on a side in the sand. In the case of the 
partial chill, the thickness is 2 in. along the whole 
length of the bar, but the chill contact surface of the 
bar tapers from 2-in. wide at the end to 0-in. wide at 
the riser end. In addition the partial chill is cut in 
half to provide an air space to reduce longitudinal 
conduction of heat in the chill. 

Complete Chill Effects 

Referring to the complete chill data (Figs. 11, 12, 
13, 14), when wedge chills are used on top and bot- 
tom only, the leak rate is low. 


Fig. 6b — Geometrical examination (as rough machined), H 24, bar 2, 2100 F. 1x. (Reduced slightly in reproduction) 
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Fig. 7 — Moisture data of green sand. 
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Fig. 8 — Low moisture (2.6%) data of geometrical distribution 
of leakage. 
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Fig. 9 — High moisture (5.5%) data of geometrical distribution 
of leakage. 











Fig. 10a — Drawing of complete wedge chill. Top — plan view. 
Bottom — elevation view. Riser end on right. 














Fig. 10b — Drawing of partial wedge chill. Top — plan view. 
Bottom -- elevation view. Riser end on right. 
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Fig. 11 — Complete wedge chill data (chills on top and bottom). 
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Fig. 12 — Complete wedge chill data (chills on sides and bot- 
tom). 
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Fig. 13 — Complete wedge chill data (chills on all sides). 
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Fig. 14 — Geometrical, complete wedge chill data (chills on 
sides and bottom). 
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Fig. 15 — Partial wedge chill data (chills on top and bottom). 
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Fig. 16 — Partial wedge chill data (chills on all sides). 


a 
°o 


H-29 BARS |,2 4 
eo 


FURNACE -GAS 

DE OXIDATION -P-Cu 
SAND - ORY 

CHILLS- WEDGE,ALL SIDES & END 
TEMPERATURE - 2025 F 












-~-ngubo 
oooco°o 








LEAK PATE mi/sec 


—— T r r —y r o— 
2 3 4 5 6 7 8 9 10 i 12 
DISTANCE FROM RISER (INCHES) 


°o 


Fig. 17 — Partial wedge chill data (chills on all sides and end). 
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When chills are employed at the sides and bottom, 
Fig. 12, the leakage at the standard specimen loca- 
tion is zero. 

Figure 14, H23, Bar 2, indicates the porosity has 
been displaced upward toward the top of the bar. 
Leakage is noted for a 5-in. long region, 1/2-in. from 
the top surtace. 

When the bar is completely chilled on all sides 
either very good or very poor conditions are ob- 
tained (Fig. 13, H23, Bars 3 and 4). The poor results 
are probably caused by entrapped air, since the mold 
(completely chilled ) is impermeable. 


Partial Chills 


Partial chills on top and bottom produced effects 
comparable to the complete chills. In the case of 
partial chills on all four sides and the end, a short 
unsound region was encountered starting at the center 
and proceeding toward the chilled end of the bar. 
When only the bottom and two sides were chilled, 
good soundness was obtained as in the case of the 
partial chills. The unsound region has probably been 
displaced upward as in the previous case of the com- 
plete chills. 

It is evident that a given region may be made 
sound by chilling. The porosity is displaced rather 
than completely eliminated under the temperature 
gradients of this experiment and at 2025 F pouring 
temperature. The data indicate that there is some 
shorter bar length which can be made completely 
sound by proper chilling. Quantitave data as to the 
gradient required for soundness may be clearly ob- 
tained by properly instrumented work of this type. 

Interrelation of pouring temperature and chilling 
effects offers much promise. 


Effect of Sample Depth 


In many castings, centerline porosity can be toler- 
ated if sound metal is present to an appreciable depth 
beneath the surface. Conversely, there is little merit 
in obtaining a sound core if the outer regions are 
spongy. 

For these reasons, a study of the effect of specimen 
location has been surveyed. The data indicate that 
in almost all cases, the centerline of the bar is the 
most critical location. The porosity of the upper layers 
is usually more severe than in the lower layers (Figs. 
3, 8, 9, and 14). 

In the two bars from the moisture series, (Figs. 8, 
9) the leakage at positions away from the centerline 
follows the same distribution as at the centerline but 
is less in magnitude. The designations in these figures 
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of 1/4-in. T, 1/2-in. T refer to depth of sample from 
the top surface, whereas 1/4-in. B, 1/2-in. B refer 
to distance from the bottom surface. The center sam- 
ple is 1 in. from both faces. In the mold with the 
higher moisture, the 1/2-in. T leakage behavior curve 
is further from the 1/2-in. B curve than in the lower 
moisture content bar. This is probably related to dif- 
ferent amounts of mold reaction. 

The effects of location in the temperature series 
bars (H19, H20), Fig. 3, are also of interest. The bar 
poured at the lower temperature shows no leakage at 
either 1/2-in. T or 1/2-in. B locations, while the bar 
poured at 2300 F exhibits severe leakage at all loca- 
tions. 


CONCLUSIONS AND RECOMMENDATIONS 


Pouring temperature, chills, and depth of testing 
are variables which affect pressure tightness readings 
severely. Moisture content of the mold is less signifi- 
cant in the range tested. 

From the results of this work, it is evident that for 
pressure tightness castings should be poured at low 
temperatures. If necessary, gating should be adjusted 
to permit this condition. Chilling is particularly effec- 
tive in removing porosity from critical regions. In 
heats made according to good commercial crucible 
furnace practice, maximum porosity is encountered 
at the thermal center of the casting. 

The data of this and previous investigations strong- 
ly suggest that it is necessary to perform critical ex- 
periments to isolate the effects of gas and solidifica- 
tion shrinkage. Gas may be dissolved in the metal 
during melting and superheating, from the ladle or 
from the mold. It is important to evaluate these in- 
dividual contributions and compare them with the 
role of liquid to solid shrinkage. 
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THE EFFECT OF SIZE OF SCRAP ON THE TAPPING 
TEMPERATURE OF A CUPOLA 


By 


N. H. Keyser*® and W. L. Kann, Jr.** 


Most foundrymen know that the size and quality 
of the scrap in the charge will affect the operation of 
a cupola. Although most operators of cupola know 
the general nature of these effects, few know them 
in sufficient detail to apply numbers to the effects. 
This paper describes the results of an investigation to 
determine quantitatively the effects of changes in the 
size and weight of pieces of cast iron scrap on the 
tapping temperature and required coke ratio in one 
particular type of cupola operation. 

The operation under study was unusual in two 
ways. First, the charge contained an unusually large 
percentage of cast scrap. Because of its large amount, 
the behavior of the cast scrap had a big influence on 
the behavior of the cupola. Second, the operation of 
the cupola is unusually critical because of stringent 
requirements for close control and excellent uniform- 
ity of the iron produced. These requirements are man- 
datory for the manufacture of high-quality abrasive 
shot. 

The cupola is lined to 54 in. in diameter and has 
a stack height of 22 ft from bottom plate to charging 
door. It is charged with a mechanical cone-bottom 
system, and is tapped continuously. The melting zone 
is jacketed for cooling with water. Several in. of acid 
fire brick line the inside of the cupola against the 
water jackets. Normal acid operation is used. 

With a metal charge of 2,000 lb, a coke charge of 
255 Ib, and a blast rate of 4,000 cfm, the melting rate 
is about 11 tons per hr. The tapping temperature is 
about 2780 F. The weights of the charge materials 
(including air) are carefully measured and controlled 
according to good practice. During this investigation, 
the cupola produced iron with a nominal composition 
of 3.30 per cent carbon and 1.70 per cent silicon. 
Other target compositions are used at other times. 

In the series of experiments described here, the 
2000-Ib metal charge contained 1,700 or 1,800 lb cast 
scrap. This portion of the metal charge was carefully 
sorted so that all of the cast scrap in a particular 
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charge fell into one of the three following classifica- 
tions: 
1. Light scrap—Relatively lightweight cast scrap 
with section thicknesses of about 1 in. or less. 
2. Heavy scrap —Drop-broken machinery cast 
scrap with individual pieces heavier than in 
light scrap, and with section thicknesses from 
about 1—4 in. 
3. Mixed scrap—Approximately equal weights of 
light scrap and heavy scrap. 

None of the cast scrap in any of the charges was 
either unusually light or thin, nor unusually heavy or 
thick. All the scrap was within limits normally consid- 
ered satisfactory for a cupola of this size. The intention 
was to determine the effects of variations in the 
weight and thickness of the scrap when the variations 
were still within ordinary commercial limits for good 
practice. The effects of extra light scrap or extra 
heavy scrap were outside the scope of the study be- 
cause both of these materials are already known to 
have undesirable effects. 

The balance of the metal charge (200 or 300 Ib) 
was made up from steel scrap and pig iron in pro- 
portions calculated to compensate for differences in 
chemical composition between the light cast scrap 
and the heavy cast scrap. Slightly more steel was used 
with the light scrap than with the heavy scrap. 

The three types of metal charges were used over an 
extended period to determine their effects on the op- 
eration of the cupola. Recognizing the advantages of 
a fixed blast rate, the blast rate was held constant. 
Compensations for the effects of different types of 
metal charges were made entirely by adjustment of 
the amount of coke in the charge. This report deals 
with the amount of coke necessary to correct for the 
changing in tapping temperature which accompanied 
the use of each of the three types of metal charges. 

The results showed that if the coke charge and the 
blast rate were maintained at a fixed level, a change 
in the type of metal charge had a large effect upon 
tapping temperature. Under these conditions, a change 
from light scrap to heavy scrap lowered tapping tem- 
peratures by about 150 F. When the blast rate was 
held constant, the tapping temperature could be 
maintained constant if the change from light scrap to 
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heavy scrap was accompanied by a large increase in 
the weight of the coke charge. Table 1 illustrates the 
amount of coke needed to produce a given tapping 
temperature with each of the three metal charges. 

Table 1 is given for a constant blast rate of 4,000 
cfm. The effect of changes in blast rate was of sec- 
ondary interest in this study, because, in general, the 
advantages of a fixed blast rate in this operation off- 
set the potential advantages of using a variable blast 
rate. It is pertinent to mention that an increase of 10 
to 20 lb in the weight of the coke charge produced an 
increase in tapping temperature about equal to the 
increased temperature obtained by raising the blast 
rate from 3,500 cfm to 4,500 cfm. 

Figure 1 summarizes the data obtained during the 
study. Reduced tapping temperatures were obtained 
TABLE 1 — COKE NEEDED TO PRODUCE TAPPING 
TEMPERATURE 


lb of Coke Required for each 2000-Ilb Charge 
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Fig. 2 — Partial log showing effect of size of scrap on the 


tapping temperature of a particular 54-in, cupola operated at 
constant blast rate and constant coke rate. 
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at a given coke rate when the size and thickness of 
the scrap was increased. Additional coke was needed 
to compensate for this effect. The added cost of coke 
is also given in Fig. 1. 

The effects shown in Fig. 1 were determined under 
commercial conditions. They have been verified by 
continued operation of commercial cupolas. Figure 
2 depicts a partial log of one day of operation. It 
shows how the tapping temperature was increased by 
an intentional change to lighter scrap part way 
through the day, and without a corresponding change 
in either coke rate or blast rate. 

A few words are in order about the mechanism by 
which heavy scrap lowers the tapping temperature, 
and by which an increase in the coke charge increases 
the tapping temperature. Assume that a cupola is 
melting 1-in. cast iron scrap and has an operating bed 
height of 40 in. This means that all the scrap has 
been heated to about 2100 F and is melted by the 
time is descends to a level 40 in. above the tuyeres. 
The molten iron drops through and dribbles over 40 
in. of incandescent coke so that the iron is superheat- 
ed to say, 2700 F. 

When the thickness of the scrap is increased to 4 in. 
the larger pieces do not melt so fast. If the coke rate 
and blast rate are maintained constant, coke will 
burn out at the same rate as when the lighter scrap 
is charged. This means that the slower-melting thicker 
pieces of scrap will penetrate lower in the cupola 
before they are completely melted. If they penetrate 
to 30 in. above the tuyeres, the operating bed height 
has been reduced to 30 in. The molten iron will 
dribble through only 30 in. of incandescent coke (in- 
stead of through 40 in. as with the thinner scrap), 
and will be superheated to a lower temperature, say, 
2650 F. 

If more coke is added to the cupola charge at the 
same time that the size of scrap is increased, the 
additional coke will reach the top of the bed about 
the same time as the heavy scrap. The added coke 
will tend to raise the bed, and the heavy scrap will 
tend to lower the bed. If the amount of coke is proper- 
ly selected, the two effects will balance out. 

The principles and the directions of the effects 
will be the same for other types of operation and 
for other cupolas. Only the magnitudes of the effects 
will be different. Close control of any cupola requires 
specific information on the magnitude of these effects. 

In the foregoing discussion, the required change 
in coke rate was made in the same charge that the 
type of scrap was changed, and the blast rate was 
maintained constant. 

Contrast this procedure with that sometimes used 
in foundries when the size of the scrap is changed. 
At first, nothing is done. Then, after the tapping 
temperature goes up or down (as the case may be), 
and the composition and chill depth of the iron are 
affected appropriately, an additional booster of coke 
is added (or should we take some coke out?). Sim- 
ultaneously (but before the disrupting influence 
known as the booster reaches the bed), the blast rate 
is increased (or should we lower the blast?). Under 
these conditions, not uncommon in some foundries, 
the bed height moves up and down and the tapping 
temperature fluctuates greatly. 
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CREATING A CLIMATE FOR MANAGEMENT DEVELOPMENT 


By 


R. B. Parker* 


The job of finding and developing top executive 
material is becoming more important daily, and I 
think the AFS is to be congratulated for selecting 
the subject as the theme of this meeting. 

Before I start on this, perhaps I should tell you a 
bit about our company, in the event that some of you 
may feel that while the theories work for us they may 
not for other organizations. 

We operate plants in 37 cities and 18 states in this 
country—55 plants in all—plus four more in Canada, 
one in France and one in Mexico. There is a head- 
quarters division, nine separate operating divisions 
and three subsidiaries. Compared to many firms, the 
plants are not large, ranging from less than 100 em- 
ployees to 500 or 600, but in total we employ approxi- 
mately 10,000 people, who are members of 67 different 
unions. Fifty-three of our 61 plants are unionized, 
and 38 of them are foundries. 

We manufacture a very diversified product line, 
ranging from railroad brake shoes and automotive 
brake lining to wearing parts for excavating and 
crushing machinery; from steel forgings and hydraulic 
pumps and valves to alloy castings and air compres- 
sors; from railroad car wheels to truck tire molds. 

Because we are primarily a group of small plants, 
many of them foundries, we have both the manage- 
ment problems of the small plant as well as the 
communications problems of a multi-plant operation. 
But no matter what the size of the company, top 
executive development is a basic requirement for 
success. 

The concern of this paper is the intangible qualities 
of a good executive—qualities which I maintain are 
common to all men having the attributes of leader- 
ship, whether or not they know anything about the 
foundry business. A man may not know an invoice 
from a sand mold, but if he has the kind of qualities 
I am writing about, the chances are he is potentially 
good management material. 

Given a little time, any intelligent man can acquire 
an adequate knowledge of the procedures and tech- 
niques of business and finance. What he cannot ac- 
quire are the intangibles—creativity, imagination, 
judgment, integrity, an analytical mind. These are 
the key attributes of leadership, whether it is exer- 
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cised on the playing field, the battleground, or in 
business. 

To a large degree they are attributes that cannot 
be learned. The most we can do is to try to discover 
their presence, and then open the doors of opportunity 
to those who have them. 

Careful selection of the most highly qualified can- 
didates is the indispensable first step in any good 
management development program. This is not as 
simple as it sounds. At the author’s company, for 
instance, it was learned that a man must be known 
thoroughly before you can be sure he is the man he 
seemed to be when he first caught your attention. 
You cannot know him merely by an occasional casual 
conversation about foundry operations, or by periodic 
check-ups on his work, or by watching how he han- 
dles himself in group meetings, or even by calling him 
in for a conference two or three times a year. 

Before you can safely appraise his potentialities 
you have got to know him as a personality—to know 
his likes and his dislikes, his preferences and _ his 
prejudices, his ambitions and his fears, his strong 
points and his shortcomings. 

In effect, of course, this means that you must know 
him as an individual, not simply as an employee. It 
means, perhaps, getting together with him on a non- 
business basis—exchanging ideas at lunch or over a 
cup of coffee, give-and-take discussions during dinner 
or a drink, informal “bull sessions” at company outings 
or similar get-togethers. There is no better way to 
locate the essential spark in a man than by rubbing 
his ideas together. 

Once we have found the man, obviously, the next 
step is to train him, to teach him how to use his 
assets to best advantage. This calls for effective com- 
munications, an area in which too many managements 
lack direction and know-how. I do not intend to 
digress into a discussion of communications theories 
and techniques. I simply want to stress the fact that 
the teaching process should not be a sporadic one, a 
hit-or-miss matter of merely exposing executive can- 
didates to company practices and policies from time 
to time, or of holding a series of management training 
sessions and then expecting the “graduates” to be 
ready to manage. 

The training process must be a continuous one, 
year in and year out. At the author’s company it is 
believed it should be an extremely comprehensive 
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program, designed to familiarize potential executives 
with all phases of company operations. In a diverse 
multi-plant firm such as ours, the process is apt to be 
more complex than in the average foundry, which as 
a rule tends to be a relatively small operation. Never 
theless, the principle is the same: give executive can 
didates a good grounding in all aspects of the business, 
and do it thoroughly, systematically, and continuously. 

We trv to do it by a variety of techniques: by a 
consistent two-way communications policy, all the 
way up and down the line: by trving to create an 
atmosphere in which it is all right to challenge an 
established policy to find out why it was adopted; to 
fight vour boss when you think vou are right; by 
spelling out our aims, and the obstacles in the way 
of their achievement; and above all by such practices 
as inviting potential bosses to participate in the dis 
cussion of problems which are not directly related to 
their own job. 

Often. for instance, meetings of our division heads 
are also attended by their subordinates, to give them 
a better grasp of top management problems and solu- 
tions. Our information center program is another ef- 
fective training and communications medium. This 


transmission of company policy from the chief execu- 
tive in New York and headquarters service depart- 
ments along the line to our foremen and plant man- 
agers. It was also started because of unintentional 
(and maybe some intentional) distortion in policy 
interpretation. 

The program consists of a series of meetings for 
groups of superintendents, foremen, engineers, sales- 
men, and accountants. The sessions last three or four 
days, and are designed to be as informative as possi- 
ble. Top management officials discuss their functions 
and relate them to the business as a whole. Ques- 
tions are encouraged, and are given complete, frank 
answers, many times by the president himself. You 
all know what fun it can be to be able to quote the 
president to your immediate boss. 

I can assure you that by the time the four days are 
over everyone has benefited. Top management repre- 
sentatives learn what makes their subordinates tick, 
and get a good line on the sort of executives they 
would make. The subordinates get a behind-the-scenes 
slant on company policies, and find out what it takes 
to make them function effectively. 

They also become imbued with the feeling that 
they are really a part of the management team. They 
begin to think like top management men, studying 
various department problems from every angle, ap- 
praising possible solutions with a much broader com- 
pany point of view, sparking ideas, and generally 
functioning as an executive should function. 

I think the next important step in the creation of 
a satisfactory management development climate is 
to broaden the experience of potential executives, by 
giving them more executive responsibility. You can 
train a man till the foundry falls down, but you will 
never really know whether he can handle responsi- 
bility until you give him a chance to handle it. What 
is more, if you regard him as top management timber 
you would be wise to give him responsibility in a 
variety of capacities. 
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At the author's company we move potential execu- 
tives from job to job, a practice described as “hori- 
zontal promotion.” The purpose here is to widen the 
men’s experience and give them an opportunity to 
see how problems are handled in departments other 
than their own. From time to time, too, we ask 
them to sit in on meetings involving such varied ac- 
tivities as: plant labor negotiations, product pricing 
arguments, pension system planning, discussions with 
lawyers, plans for the preparation of the annual re- 
port, and so forth. 

This kind of exposure to top management prob- 
lems and activities brings a man out of himself and 
creates an atmosphere in which he can grow. All we 
ask is that he have the seeds of growth within him. 

This brings us to what I consider one of the most 
important of all steps in effective top management 
development: letting executives put their ideas into 
practice. This means giving them freedom: freedom 
to plan, to venture along untried paths; freedom from 
interference, even when you doubt the value of their 
programs; freedom to take risks, and to fight back 
when their ideas are opposed by their superiors. Most 
of all, it means what we call “freedom to fail.” Unless 
a man is free to go ahead with his ideas, despite the 
risk of their failing, you cannot really be sure of his 
potential as an executive. 

We believe it is much more serious a blot on a 
potential executive's record for him not to have tried 
another way than to have tried and had his plan fail. 
A man learns far more from his failures, particularly 
when they are the result of courage—the courage to 
try another way. 

Naturally, you must know vour man before you 
grant him such freedom. Know him as a_ person, 
expose him to various types of executive problems 
and responsibilities, and then give him his head. If 
he is of executive caliber this will reveal it as nothing 
else can. 

Do not worry about his making mistakes. He will 
make some, never fear. But if you have chosen your 
man carefully his successes will far outnumber his 
failures. And they will bring benefits which would 
probably never be realized without this exercise of 
the freedom to fail. 

I think this freedom represents the principal key to 
sound management development, for this reason: it 
stimulates men to “reach out,” as we say at our 
company—to extend themselves to a degree impossi- 
ble to men whose judgment and abilities are throttled 
by the knowledge that their actions are constantly 
subject to top management approval and criticism. 

One of the great needs of management is for men 
who are eager to reach out in this way: to reach out 
for more responsibility, for more knowledge, and for 
more and better solutions to management problems. 

There are few more important jobs for top man- 
agement today than to find and develop men with 
this capacity for reaching out. You cannot do it by 
being satisfied with a man’s accomplishments in his 
own department. Find out if he has ideas and abilities 
in other directions too. You will be surprised at what 
you may discover: salesmen who have practical sug- 
gestions for improving production operations, pro- 
duction supervisors who know how to improve your 
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annual report, accountants who have constructive ad- 
vertising ideas. 

Let me cite a couple of examples from my own 
experience. A sustained slump in the sales of non- 
metallic bearings once had one of our plants in 
danger of a shutdown. A production foreman at the 
plant, happening to find a file full of old repeat orders 
for bearings, noticed that the orders were several 
vears old. None of the customers had done business 
with the plant since their orders were last filled. 

The plant’s salesmen had not followed up the ac- 
counts, nor had anything else been done to keep them 
active. The foreman took the orders to the sales man- 
ager and suggested that salesmen be sent out to try 
to renew the accounts. His suggestion was followed, 
and much of the old business came back—at a par- 
ticularly critical time. As things turned out, the fore- 
man’s “reaching out” action was instrumental in put- 
ting the plant back on its feet. 

Another example concerns an office boy who was 
promoted to supervisor of our duplicating department, 
simply because he had the initiative to reach out 
beyond his regular duties and learn all about the ma- 
chines in this department. It was not long before he 
knew more about them than the man who had been 
running them—a service man from outside the organ- 
ization. 

I imagine some of you have known of similar in- 
stances. You have probably also experienced a feeling 
of frustration on occasion when you knew of a better 
way to perform some operation in another depart- 
ment, and did not feel that vou had the right to 
point it out. 

We had an excellent opportunity, on a large scale, 
to test the practicality of this reaching out technique 
after World War II. Then we began to grow rapidly 
and at the same time found ourselves faced with a 
serious shortage of trained specialists. In desperation 
we were forced to fill key jobs with men who lacked 
the training for them. For example, we moved a comp- 
troller into sales management, promoted a purchasing 
agent to a division vice-president, shifted an office 
accountant into labor relations, and converted the 
company’s assistant treasurer into a medical and 
safety director. Incidentally, this man is president of 
the company today. 

I am glad to be able to say that these experiments 
worked, beyond our greatest expectations. If they 
had not, I am not so sure I would have had the chance 
to be in this spot today. 

I think we have learned three important lessons 
from this experience. First, we found that, as a rule, 
a man with exceptional ability in one area is likely 
to have outstanding abilities in other areas too. Sec- 
ond, we learned that it is a mistake to place more 
emphasis on a man’s formal experience than on his 
qualities as a man. And finally, we discovered that 
the reaching out process not cnly stimulates a degree 
of teamwork not possible under other conditions, but 
also produces a continual flow of interdepartmental 
ideas, real work satisfactions, and deep company 
loyalties. 

In short, we learned that it is unwise to create a 
group of specialists functioning under the domination 
of a single individual. The days of management dicta- 
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torship are gone. Today’s top executives must be 
leaders, not autocrats. You cannot run a company as 
a one-man operation and expect to develop execu- 
tive leadership in others. 

Too many foundries, it seems to me, tend to be 
top-down, one-man operations. But management is 
too complex an operation today for any one man to 
have all the answers, to spark all the ideas. Success- 
ful management embraces so many areas: manufactur- 
ing, buying, selling, financial negotiations, govern- 
mental activities, and so on. Most important of all, it 
requires a knowledge and understanding of the human 
factor. No one man can possess all the skills necessary 
to operate a company at full effectiveness. To do the 
job properly you need the ideas, the abilities, and 
the leadership of many men. 

Essentially, the job of top management is to help 
men discover and develop their talents. The success 
of a foundry operation, perhaps more so than in the 
case of many other businesses, depends largely upon 
the caliber of its management—all of its management. 
As you know, there is a scarcity of skilled executives 
in the foundry business today, and, as a result, there 
is a great deal of competition for the services of men 
with top management abilities. 

This is another reason why it is important to 
spread management responsibility, just as it is an- 
other reason against the one-man-dominated, top- 
down management operation. You cannot run a one- 
top executive team, rather than just top executive. 

In a speech before the American Management As- 
sociation a couple of vears ago, the manager of In- 
ternational Harvester Company's education and _per- 
sonnel department made this comment: “Today almost 
the only unique advantage a company can have is 
the possession of resourceful, aggressive, imaginative 
management at all levels.” He went on to stress the 
importance of giving men a variety of assignments 
in order to develop them into top management mate- 
rial. To illustrate his point, he cited a survey of Har- 
vester top executives which showed, among other 
things. that they “did not think of anv regular job 
with the company as having been much more im- 
portant than any other in their development; rather, 
they attached greater significance to certain special 
assignments .. . invariably outside the usual scope of 
the positions held.” 

That is whv at our company we believe in giving 
a man a variety of jobs, rather than just confining him 
to a block on an organization chart. Let me give you 
an an example. When one of our foundries needed 
an advertising manager we did not limit our search 
to men with an advertising background. For one 
thing, few of them had any real familiarity with 
foundry terminology. However, in one of our research 
departments there were several men who did know 
the language. We did not let the fact that none of 
them had any advertising experience prevent us 
from considering them. Finally, one of these men, a 
metallurgist, was chosen for the job. 

Yes, he made some mistakes in the beginning. But 
not nearly as many, we think, as might have been 
made by a regular advertising man dealing with an 
unfamiliar technical subject. Furthermore, our metal- 
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lurgist never made the same mistake twice. It was 
not long before he was handling the job like an 
expert. 

An interesting postscript to this story, by the way, 
is the fact that this same man was made a sales man- 
ager of another division, a job in which he performed 
with equal success. 

A similar example is the case of the foreman who 
was promoted to editor of our company magazine. 
Before this the publication had been edited by people 
who knew how to write, but who lacked an under- 
standing of foundry workers and methods. As a re- 
sult, the magazine had done little to improve employee 
relations. 

Our foreman-editor knew his people, and knew 
foundry operations and problems. And, because he 
too was a “reacher-outer,” with abilities beyond those 
of his foreman’s job, he was able to succeed where 
his predecessors had failed. 

Along these same lines, years ago, when we needed 
a new sales manager, it was customary to give the 
job to our best salesman. Today we know better, 
and select a man who knows how to build an effec- 
tive sales force, whether or not he happens to be a 
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star salesman himself. For that matter, he need not 
even be a salesman at all. 

My point is obvious: do not be afraid to switch men 
around when there is a job to fill. Do it even where 
there is not any job open. Remember, in the average 
foundry there are only a few top jobs. To get the 
most out of each one, do not pigeon-hole your execu- 
tives. Do not breed a group of specialists, capable of 
handling only the problems in their own little pro- 
vince. You cannot build an all-around management 
team that way 

Do not make the mistake, a very common one, of 
thinking that because a man is a salesman, or an 
accountant, or whatever, that that is all he is capable 
of being. For all you know he may be in his present 
sphere only because that is the one in which he first 
got his start in the business. But he may actually 
have more capabilities in some other direction. You 
will never know until you give him a chance to prove 
himself, until you create a management climate that 
will give him a real opportunity to extend himself, 
to reach out beyond the borders of his present job. 

This, in my opinion, is the secret of developing a 
top executive team, rather than just a top executive. 




















SHELL MOLDING FOR STEEL CASTINGS 


By 


R. G. Powell* and H. F. Taylor** 


ABSTRACT 


Surface defects generally occuring on low-carbon and 
low-alloy steel castings in shell molds can be eliminated 
by the use of chill-type shell molds. Such molds can be 
made with forsterite or cheap blends of granulated lime- 
stone and silica sand. The chilling effect, in the respec- 
tive cases, depends on the high conductivity of forsterite, 
and on the endothermic dissociation of limestone plus 
the endothermic reaction of COs with carbon from the 
resin binder. 


INTRODUCTION 


The unacceptable surface condition produced on 
low-carbon and low-alloy steel castings made in shell 
molds, is perhaps the greatest deterrent to more 
widespread use of shell molding by the foundry in- 
dustry. Even though it is a relatively expensive proc- 
ess, shell molding does offer definite advantages over 
conventional molding. It is hoped the information 
presented in this article will help steel founders to 
adapt the process to many of their castings. 

Previous research sponsored at M.I.T. by the Steel 
Founders’ Society of America’ and by Watertown Ar- 
senal? led to the belief that the cause of the surface 
defects on low-carbon and low-alloy steel castings 
was an unfavorable time relationship. This time rela- 
tionship was between skin formation of solidifying 
castings and the strong evolution of gas by the resin 
of the shell molds. Improvement in surface condition 
of castings resulted when 1) manganese dioxide or 
calcium carbonate powder was added to silica sand- 
resin mixtures, and 2) when zircon, chrome ore or 
especially olivine was used instead of silica sand. 

The substitute refractories were believed beneficial 
because of their chilling effect. They promote skin for- 
mation of castings. No satisfactory explanation was 
found for the role of manganese dioxide and calcium 
carbonate. 

A recent research project, sponsored by Watertown 
Arsenal, gave results which confirm the original the- 
ory on the cause of the surface defects. The role of 
forsterite in curing these defects was clearly estab- 
lished. The beneficial functions of manganese dioxide 
and calcium carbonate powders were explained. Prac- 
tical techniques developed are described in this paper 
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which make it possible to adapt shell molding to the 
manufacture of low-carbon and low-alloy steel castings 
regardless of section size. 


CAUSE OF SURFACE DEFECTS 


In the belief that surface defects result because the 
skin of castings formed simultaneously with develop- 
ment of high gas pressure in the molds, a study of 
equilibrium data was made. From these data the 
researchers hoped to determine other elements which, 
like increased carbon, would delay skin formation of 
steel castings. Boron, titanium and silicon were select- 
ed for testing. 

It was found that about 0.030 per cent boron was 
sufficient to produce a surface on steel castings com- 
parable to the excellent surface obtained with cast 
iron. Boron develops poor mechanical properties in 
steel when more than 0.004 per cent is used. As 
expected the castings were extremely brittle. Tests 
with titanium indicated that about 1.5 per cent ti- 
tanium would be required to obviate the usual sur- 
face defects. However, the mold-metal reaction oc- 
curred because of the great reactivity of titanium. 





Fig. 1—Industrial casting, weighing about 35 Ib, made of 
low-carbon steel modified with 1.5 per cent extra silicon in 
a shell mold containing 3.0 per cent Fe.Os. 
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Fig. 2—Same casting as in Fig. 1, made of low-carbon steel 
in a shell mold containing 3.0 per cent Fe.O,. 





Fig. 3—Back of experimental casting weighs about 13 Ib, 
made with low-carbon steel in a silica sand-resin shell mold. 





Fig. 4—Experimental casting made of low-carbon steel in a 
forsterite shell mold, poured at 2900 F. 
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Silicon, a more acceptable element in cast steel, com 
pletely eliminated surface defects when used in 
amounts of about 2.5 per cent, 

Further work with silicon modified steel in molds 
containing additives showed that equivalent results 
could be obtained with only 1.50 per cent. silicon 
when the sand-resin mixture contained iron oxide. 
With 1.25 per cent silicon when manganese dioxide 
was the additive the results were the same. An indus- 
trial casting made with steel containing 1.5 per cent 
silicon in a mold containing 3 per cent iron oxide is 
shown in Fig. 1. For comparison, a casting with a 
normal amount of silicon made in a similar mold is 
shown in Fig. 2. 

It is not practical, particularly from the specifica- 
tions standpoint, to modify carbon steel compositions 
as a means for controlling casting surface defects. Nev- 
ertheless, the results of these experiments are valu- 
able. They strongly support the time-relationship 
theory as the basic cause of surface defects, and sug 
gest that oxidizing agents added to the molds are 
beneficial as they advance the time of gas evolution. 

EFFECT OF FORSTERITE 

Results obtained with forsterite as mold material 
are illustrated by the castings shown in Fig. 3 and 
1. In regard to the chilling effect of forsterite, a con- 
fused situation existed. This is because it gave better 
results than zircon. Zircon had been rated a_ better 
chill than forsterite in a previous study on the chill- 
ing ability of various molding refractories.* This 
chill rating was made from data taken on the solidi- 
fication of relatively large steel spheres with a thermo- 
couple in their center. However, there is a funda- 
mental difference between a surface chill and a section 
chill, so it was concluded that forsterite probably was 
a better surface chill than zircon. 

This was investigated by making grain-size observa- 
tions on M-bronze castings. Thick shell molds of 





Fig. 5—M-Bronze castings in shell molds illustrating the 
chilling effect of zircon (center) and forsterite (right) in regard 
to silica sand (left). Etched with nitric acid. Reduced slightly 
in reproduction. 
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silica, zircon, and forsterite were poured at the same 
time through a common sprue arranged with three 
runners. The metal was poured at 2100 F. Observa- 
tion of grain sizes showed that forsterite can be a 
better surface chill than zircon on steel castings. In 
fact, with high conductivity bronze, its greater chilling 
effect was felt throughout the 1 in. thick section of the 
casting (Fig. 5). 

Following these experiments, data on the thermal 
conductivity of olivine (commercial forsterite) were 
furnished the authors by Dr. Aslak K. Valheim of 
the Government Raw Materials Laboratory in Trond- 
heim, Norway. Olivine is extensively used in general 
foundry practice in Norway. These data (Fig. 6), indi- 
cate that olivine has three to four times the conduc- 
tivity of silica sand at low temperature. Its conduc- 
tivity, however, decreases rapidly with increasing 
temperature while that of silica sand increases. 

In comparison, the thermal conductivity of zircon 
is about twice that of silica at low temperature. Its 
conductivity decreases much less rapidly than that 
of forsterite with increasing temperature. 

It is generally accepted that the fundamental equa- 
tion of solidification of metal in a mold is: 


X M \t (1) 
where X the thickness of metal solidified after 
time t. 
M the constant of solidification. 


Chvorinoy has defined this constant in terms of 
metal and mold properties. He has expressed the 
above equation as follows:* 


X L158-G g: \ ¢° (2) 
where T the solidification temperature of the 
metal. 
Q = its heat content of solidification and 
superheat. 
S = its specific gravity. 
b = the heat-diffusivity coefficient of the 
mold. 


In turn, b is equal to the square root of the product 
of the mold conductivity, specific heat and _ specific 
gravity: 

b V KCp p 

Equation 2 shows that the amount of metal solidi- 
fied after a certain time varies directly with the 
heat-diffusivity coefficient of a mold. Since the mold 
properties defining b vary somewhat with tempera- 
ture, average values over a range of temperatures are 
used to determine X. ‘This is legitimate when treating 
solidification of casting sections, and when the mold 
properties do not change appreciably during the time 
of solidification. 

The present problem, however, concerns skin for- 
mation of castings. It is the low temperature proper- 
ties of the molds that must be considered. Approxi- 
mate values of diffusivity coefficients of silica sand, 
zircon, and forsterite at low temperature have been 
calculated and are presented in Table 1. This shows 
that forsterite initially in a mold has greater cooling 
ability than zircon, and about twice that of silica 
sand. The fact that the conductivity of forsterite 
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tivity of olivine 
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greatly decreases with increasing temperature ex- 
plains why the material is not as good as zircon for 
a section chill on steel castings. 


EFFECTS OF MnO, AND CaCO 


The tests with silicon modified steel indicate that 
manganese dioxide in shell molds would advance gas 
evolution. Previous measurements showed that man- 
ganese dioxide delayed gas evolution while calcium 
carbonate advanced it.*° These measurements were 
made under steel casting conditions which caused 
extremely rapid evolution of gas, and their accuracy 
was questioned. New measurements were made with 
conditions under better control, using a technique 
similar to the AFS standard method for gas determina- 
tion of core binders. 

TABLE 1 — HEAT DIFFUSIVITY COEFFICIENTS OF 

MOLD MATERIALS AT LOW TEMPERATURE 























K* C,* p° b® 
Silica sand 3.14 x 10 0.21 26 $15 x 10 
Zircon 5.16 x 10 0.16 1.6 6.15 x 10 
Forsterite 043 .« 10°" 0.24 3.2 8.50 x 10 
* in CGS Units 
*° taken as 3 times K of silica 
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Fig. 7—Effects of MnO. and CaCO, additives on gas evolu- 
tion at 1600 F. 
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Preliminary tests with a 94 per cent sand, 6 per 
cent resin mixture indicated a larger content of resin 
would be preferable. A mixture containing 76 per 
cent sand and 24 per cent resin was found suitable 
When additives were used, the ratio of resin to addi- 
tive was kept the same as previously used in shell 
molding mixtures. Shell specimens were all made 
on one plate at the same time to insure exactly the 
same conditions of curing. These specimens were 
ground and well mixed to obtain good homogeneity. 

Two grams of material were then used to run gas 
determinations. Three determinations were made on 
each material. Total gas evolution was measured at 
1600 F, with time readings taken at every 20 cc of 
gas evolved. Data presented in Fig. 7 show that both 
manganese dioxide and calcium carbonate advance 
gas evolution. 

TABLE 2 — ENTHALPY CHANGES IN THE 

DISSOCIATION OF CALCIUM CARBONATE IN THE 

PRESENCE OF CARBON AND HYDROGEN 





Carbon Presence Hydrogen Presence 


1) CaCOs => CaO + CO. A H® + 41,800 cal 
2) CO. + C = 2CO A H® + 41,600 cal 
3} CO. + H. **> CO+H:0 A H® + 10.200 eal 





TABLE 3 — DISSOCIATION PRESSURE OF CALCIUM 
CARBONATE® 





temp., C Pressure, Atm. 

550 0.00054 
700 0.0292 

800 0.220 

595 1.000 
906.5 1.151 

937 1.770 
1082.5 8.892 


*From Chemical Engineers’ Handbook, 3rd Edition, p. 174. 





TABLE 4 — EQUILIBRIUM OF REACTION 
c4co, =~ $8 Co* 








temp., G . CO; 
500 95.0 
600 77.0 
SOO 7.0 
1000 0.6 

1200 0.06 


° Reference Book of Inorganic Chemistry, Latimer and Hilde- 
brand, Revised Edition, p. 269. 








Fig. 8—Experimental casting made of low-carbon steel in a 
shell mold of silica sand blended with 10 per cent granulated 
limestone, poured at 2950 F. 
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It was also observed that swelling of larger castings 
occurred in molds containing manganese dioxide. The 
function of this additive appeared to be that of oxi- 
dation producing a more rapid breakdown of the resin 
structure. Other indications were that calcium carbo- 
nate, like forsterite, chilled the surface of castings. 
This effect was predominant. When the two additives 
were tested in molds made of zircon sand, results 
showed that calcium carbonate further improved the 
surface of castings while manganese dioxide made 
it worse.*° 

The chilling effect of calcium carbonate was thought 
related to its endothermic decomposition, and the 
further endothermic reaction of CO. with carbon 
from the resin binder. The molecular weight of cal- 
cium carbonate being about 100, reactions 1 and 2 
of Table 2 indicate that in shell molds it would absorb 
roughly 800 cal per gram when the steel is poured. 

In comparison, the heat of solidification of steel is 
only in the order of 70 cal per gram. As indicated in 
Tables 3 and 4, dissociation of calcium carbonate 
would actively take place between 800 and 900 C. At 
this temperature level, the reaction of CO. with car- 
bon would go almost to completion. Reaction of CO: 
with hydrogen could take place to a limited degree. 

The effects of increasing amounts of manganese 
dioxide powder in shell molds have been studied 
previously. Up to 4.0 per cent was used, and only 
slightly better results were obtained than when 2.0 
per cent was used. Since oxidation appeared as the 
beneficial function of manganese dioxide, work was 
done with stronger oxidants and catalysts for oxida- 
tion reactions. 

It was possible to obtain improvement over man- 
ganese dioxide in regard to the typical surface de- 
fects. However, the casting swelling difficulty was 
aggravated. This is apparently due to a rapid burnout 
of the resin bonds between the sand grains yielding 
of sand layers at the face of the mold under pressure 
of the metal. From a practical point of view, this 
phase of the work was inconclusive. 

In the case of calcium carbonate, the chilling effect 





Fig. 9—Same casting as shown in Fig. 1 and 2, made with 
low-carbon steel in a shell mold of silicon sand blended with 
10 per cent granulated limestone, poured at 2900 F. 








R. G. Powell and H. F. Taylor 


would be directly proportional to the amount of addi- 
tive present. This was investigated with molds contain- 
ing increasing amounts of calcium carbonate powder 
up to 5 per cent. Great difficulties were experienced 
in making molds with more than 3 per cent powder. 
As expected, the casting surface condition gradually 
improved with successive additions of more carbonate. 
The problem of mold strength was solved by using 
granular material instead of powder. About 10 per 
cent granulated limestone was blended with silica 
sand to produce the castings shown in Fig. 8 and 9. 


COMPOSITE SHELL MOLDS 


Difficulty was experienced when using forsterite 
shell molds. This difficulty is—poor sharpness of detail 
on castings resulting from chilling and of non-wetting 
of molds by low-carbon steel. This can be best over- 
come by using composite forsterite molds having a 
thin facing of silica sand. These molds are made by 
a process of double investment which was previously 
described by the authors.® A casting made in a com- 
posite forsterite mold is shown in Fig. 10, for compar- 
ison with the one shown in Fig. 4. 

In the case of granulated limestone-silica sand 
blends, there may be some trouble with metal pene- 
tration. This is particularly true when casting steels 
which have not sufficient chilling tendency. In gen- 
eral, this can be minimized by using finer limestone, 
and pouring without much superheat. However, best 
results are obtained by using composite shell molds 
with limestone in the backing only. Castings made 
in such molds are shown in Fig. 11 and 12. 

Slight surface pitting is another difficulty which 
may be experienced. Pitting appears related more to 
segregation and degree of cure of the resin than 
anything else. The use of coated sand to prevent segre- 
gation, and of high pattern temperature to overcure 
the resin at the face of the molds, largely eliminates 
the pits. The pits are confined to the skin of the 
castings and cause little harm. 


Fig. 10—Experimental casting made of low carbon steel in 
a composite forsterite shell mold having a thin facing of silica 
sand, poured at 2875 F. 
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Fig. 11—Experimental casting made of low-carbon steel in a 
composite shell mold having a thin facing of fine silica sand 
and a backing of coarse silica sand blended with 20 per cent 
granulated limestone, poured at 2875 F. 





Fig. 12a—Same casting as in Fig. 1, made of low-carbon steel 
in a composite shell mold having a thin facing of fine silica 
sand and a backing of coarse silica sand blended with 20 
per cent granulated limestone, poured at 2875 F. 





Fig. 12b—Experimental casting made of low-carbon steel in a 
composite shell mold having a thin facing of fine silica sand 
and a backing of 100 per cent granulated limestone, poured 
at 2950 F. 


August 1958 * 69 





408 


CONCLUSION 


It has been shown that the surface defects generally 
occurring on low-carbon and low-alloy steel castings in 
shell molds can be eliminated by the use of chill-type 
shell molds. Such molds can be made with forsterite. 
or with simple blends ot granulated limestone and 
silica sand. Best results are obtained when these ma 
terials are used in composite shell molds. These molds 
should have a thin facing of fine silica sand, and be 


made by a double investment process. 
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TENSILE PROPERTIES OF MICROSHRINKAGE-GRADED 
AZ-63 MAGNESIUM ALLOY 


By 


I. J. Feinberg and J. D. Grimsley* 


ABSTRACT 


Microshrinkage is damaging to the tensile properties 
of magnesium alloy AZ-63 casting material but little 
has been done to define the quantitative effects of the 
defect. A determination of tensile properties related to 
the degree of the defect obtained in radiographic classi- 
fication is described. Quantitative determinations of ulti- 
mate strength, yield strength, and elongation values 
through statistical analysis of experimental data are 
discussed. Expected minimum properties for AZ-63 cast- 
ing material containing six degrees of microshrinkage are 
presented. 


INTRODUCTION 

Reference radiographs which illustrate common de- 
fects in several degrees have been found to be val- 
uable guides in the quality control of light-alloy cast- 
ings. The Aeronautical Technical Inspection Manual 
(NAVAER-00-15PC-504), which has been compiled 
to fulfill the critical requirements for inspection of 
light-alloy aircraft castings is one of these guides. 
Quantitative tensile property data related to the gra- 
dient of the generally distributed defects illustrated 
in the manual are necessary in developing accept- 
ance standards for particular casting applications. Mi- 
croshrinkage is a defect for which tensile property 
data is required. 


®U. S. Naval Ordnance Laboratory, White Oak, Silver Spring, 
Maryland. 


LINE OF INVESTIGATION 

This investigation was concerned with the determi- 
nation of the tensile properties of sand-cast, heat- 
treated and aged AZ-63 material containing the com- 
mon feathery or layer-type of microshrinkage. In its 
conduct it was essential to carefully control the fac- 
tors other than microshrinkage which could have an 
effect on tensile properties. It was necessary to pro- 
vide test material with a uniform type of microshrink- 
age, and a range of this type. 

The determination of tensile properties was direct- 
ly related to the severity in radiographic appearance 
of the discontinuity. Special emphasis was placed on 
the radiographic classification of the test material. 
Statistical methods were applied in reduction of the 
experimental data, because it was desired to obtain 
property values applicable to design. 

NATURE OF MICROSHRINKAGE 

ALLOY AZ-63 

The term microshrinkage is used interchangeably 
with microporosity among light-alloy foundrymen. 
It has been adopted in the nomenclature of the Aero- 
nautical Technical Inspection Manual for the common 
layer-type of defect, SM 2.3. Since this investigation 
has been conducted in a phase of the radiographic 
standards project which produced the Manual, the 
term microshrinkage will be used in this paper. 


IN MAGNESIUM 





Fig. 1—Microshrinkage types. 
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la (left)-cloudy, lb (right)-feathery. 
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Microshrinkage is due to unfed voids in alloys 
which solidify over a considerable temperature range. 
Gas in magnesium-base alloys causes a marked in- 
crease in the number of voids, but does not alter 
their characteristic form.' Microshrinkage is found 
to some degree in most magnesium castings. Radio- 
graphically, two forms of this defect are encountered: 
1) a localized cloudy appearing dark area (Fig. la), 
and 2) the more common featherlike streamers ( Fig. 
lb). 

The discontinuity is not generally dispersed as is 
gas porosity in aluminum castings, but localized in 
improperly fed areas.” 


PREPARATION AND SELECTION OF TEST MATERIAL 

Panels in which microshrinkage was synthesized 
were prepared in the following manner. Primary AZ- 
63 was melted down using a flux, and heated to 1400 
F. One per cent of the flux was stirred through the 
melt. Each heat was raised to 1650 F for 15 min, 
then lowered to 1475 F, stabilized, sampled, skimmed, 





Fig. 2—Basic panel for test specimens. 


2.3 : No.4 23 
Fig. 3--AZ-63 Reference radiographs, microshrinkage 2.3. 
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and poured. The panels were cast in a highly per- 
meable silica-sand mixture containing 1.5 per cent 
sulfur, 2.0 per cent boric acid, 2.0 per cent bentonite, 
2.5 per cent water, and 1.5 per cent diethylene glycol. 
Finally the panels were solution heat treated at 750 
F for 12 hr, and aged at 425 F for 5 hr. 

Gradations in microshrinkage were obtained through 
variation in pouring temperatures and riser heights. 
These temperatures ranged from 1215 F to 1475 F. 
Riser heights of 1/2-in., 2 in., and 4-1/2-in. were 
employed. Figure 2 illustrates gating and _ risering 
used in producing the panels. 

Because chemical composition, heat treatment, mi- 
crostructure, and macrostructure affect tensile prop- 
erties, variations of these factors were limited in the 
test material. Contaminating inclusions were avoided 
and the chemical composition was controlled for each 
heat. Secondary elements and impurities in the select- 
ed test material complied with specified maxima. 

The aluminum content of test material ranged be- 
tween 5.6 and 5.9 per cent, zinc between 2.6 and 3.1 
per cent. Metallographic and microradiographic exam- 
inations were conducted to insure the use of material 
with a normal solution heat treated and aged micro- 
structure only. Metallurgical examination of test slabs 
included checks for: a) Grain size, b) Massive com- 
pounds, c) Segregation, d) Microshrinkage distribu- 
tion, and e ) Contaminating inclusions. 

Flat specimens with a reduced section of 3/8-in. 

1/2-in. were used to facilitate radiographic classi- 
fication. In layout, the microshrinkage degree under 
test was concentrated in the center of the test speci- 
men. To insure the proper fracture locale, it was 
necessary to limit microshrinkage in adjacent areas 
to a lesser degree of severity. Specimens were ma- 
chined on all sides to eliminate effects introduced by 
the casting skin. 
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RADIOGRAPHIC CLASSIFICATION 

A photographic reproduction of the reference radio- 
graphs established for specimen classification is shown 
in Fig. 3. The radiographic illustrations for each 
grade were selected on the basis of their similarity 
to corresponding grades of microshrinkage, SM_ 2.3, 
illustrated in the Manual. These radiographs were 
obtained from 3/8-in. thick material, the same thick- 
ness as the test specimens. Type M film was used in 
the reference radiographs and in all test material 
radiographs. Exposure and development times were 
controlled to give a film background density of 
2.0 + 0.1. 

Grade assignments for test specimens were based 
upon a consensus agreement of three interpreters. 
When interpretation differences exceeded two de- 
grees, radiographs were regraded. The reliability at- 
tained with the AZ-63 standards is reflected in an 
average agreement of 96.5 per cent within + one 
degree for 2,283 readings. Differences in agreement 
between interpreters are shown in Fig. 4. The ten- 
sile properties which follow depend on a + one de- 
gree tolerance in grading. 


DETERMINATION OF TENSILE PROPERTIES 

Since microshrinkage is an aligned defect in mag- 
nesium alloy castings it was of interest to determine 
the effects of orientation on tensile properties. Ac- 
cordingly, tests were conducted on one group of speci- 
mens in which the defect was aligned longitudinally 
to the principal axis of tensile bars and a second 
group in which it was aligned transversely. 

Six microshrinkage degrees were investigated in 
each group. Stress-strain curves were obtained for 
each specimen tested. Yield strength at 0.20 per cent 
offset was determined from these curves. 

Arithmetic means and their standard deviations 
were first determined (Table 1). While these ob- 
served means indicate a general decline in tensile 
properties with increase in microshrinkage degree, it 
can be seen from the standard deviations that the 
scatter between degrees is non-uniform. Individual de- 
gree means were obtained from small sample sizes 
(10 samples per degree). Since small samples are 
easily influenced by extreme values, better estimates 
of quantitative degree effects were sought from re- 
gression-correlation analyses using values for the total 
range of microshrinkage (degrees 1-6). 

From the general equation for a linear regression, 

y=a+tb (x—x) (1) 
it is possible to predict values of y from values of 
x by calculating: 





~ 
a= N = 
b — 2 y=) (xx) 
= (x—x)? 
x2 =x 
N 
Letting x = any degree of microshrinkage, y 
mean property value for the degree x from the data, 
N = 60, the regression line equations in Table 2 


were obtained. Analysis of variance of the data indi- 
cated that all properties except longitudinal yield 
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Fig. 4—Variance in readings from consensus assignment. 


strength are adequately represented by the straight 
lines which may be derived from these equations. 

The 95 per cent confidence intervals for regression 
coefficients in Table 2 confirm the adequacy of fitted 
straight lines in relating certain properties to the 
degree of microshrinkage. Longitudinal and _trans- 
verse ultimate tensile strength, per cent elongation, 
and transverse yield strength are subject to a linear 
relationship. 

The regression coefficient for the longitudinal yield 
strength data is not significantly different from zero. 
In other words, here the regression-correlation analy- 
sis indicates no positive linear increase or decrease 
in longitudinal yield strength with increase in micro- 
shrinkage degree. 

The unexpected nonconformity of the longitudinal 
yield strength data to a linear regression may be 
attributed to a large scatter occurring in sampling. 
This is coupled with the apparently slight over-all 
differences in damage in the range of microshrinkage 


TABLE 1—MEAN TENSILE PROPERTIES AND SCATTER 








Ultimate Yield Str. Elongation 
Tensile Str. 0.20% offset in 2 in. 
Micro- Standard Standard Standard 
shrinkage Mean Deviation Mean Deviation Mean Deviation 
2.3 degree psi psi psi psi per cent per cent 








Longitudinal Alignment 











1 36,750 °3350 16,800 °1100 6.3 °2.0 
2 37,500 *1800 18,500 °1200 5.6 °0.9 
3 36,300 ©2100 18,500 °1100 1.8 *1.2 
4 34,200 °2050 18,300 ©1250 3.8 °1.0 
5 32.600 ©2350 17,600 °1000 3.3 °0.6 
6 32,400 °2050 17,900 ° 400 3.4 °0.8 
Transverse Alignment 
l 33,600 °3750 18,750 °1500 3.2 °1.4 
2 31,300 ©3050 18,400 ° 800 2.3 °0.9 
3 29,900 °2200 18,300 © 550 2.2 *0.8 
4 27,500 ©2150 17,650 ° 500 1.7 °0.4 
5 27,850 ©2600 17,800 * 800 1.9 °0.7 
6 26,400 *1900 16,950 ®* 800 1.6 °0.4 
* equals plus or minus 
TABLE 2 — REGRESSION EQUATIONS AND 
CONFIDENCE INTERVALS 
Regression 
equation x 95% confidence 
Micro-shrinkage _ interval, regression 
Alignment Property degree coefficient 
Longitudinal Ultimate tensile 38,822 1106x 1110 * 360 
strength, psi 
Longitudinal Yield strength 17.765 + 76x + 80 * 180 
»si 
longitudinal enaution, per cent 6.75 — 0.63x 0.63 *° 0.18 
Transverse Ultimate tensile 34,297 1394x 1390 * 400 
strength, psi 
Transverse Yield strength, 19,126 330x 330 * 130 
psi 
Transverse Elongation, per cent 3.15 — 0.28x 0.28 ° 0.13 


® equals plus or minus 
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studied. There is little reason to believe that a curvi- 
linear relationship would be adequate. No quantita- 
tive degree assignment would be meaningful for 
longitudinally aligned microshrinkage since the over- 
all differences in damage are too small to identify 
with radiographic appearance. 

The calculated means shown in Fig. 5-7 indicate 
that the severity of damage in properties due to mi- 
croshrinkage is in descending order for the properties 
named. These properties are: elongation, ultimate 
strength, and vield strength. 

This relative order of damage has been noted by 
Busk, Marande and Newhams.* They reported that 
the elongation of AZ-63 dropped from 15 per cent 
in sound test bars to 2 per cent in porous bars. 
Ultimate strength ranged from 41,000 to 17,600 psi, 
and yield strength trom 13,500 to 11,500 psi. 

In general, longitudinal orientation of microshrink- 
age is less detrimental than transverse. The approxi- 
mate maximum reductions from longitudinal and 
transverse orientation, respectively, were: elongation, 
19 per cent vs 50 per cent; ultimate strength, 15 per 
cent vs 21 per cent; and yield strength zero vs 9 per 
cent. Transverse alignment results in a relatively se- 
vere notch effect leading to stress concentration. 
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\ given amount of transversely oriented micro- 
shrinkage results in a more reduced Cross-sectional 
area for stress application. The greater damage from 
transverse orientation may be due to either or both 
of these two factors. 

From the statistical standpoint regression means 
are to be found with a range; the greater the scatter 
in the population from which they are drawn, the 
greater this range. Thus confidence limits which fix 
the range of the means must be examined. To obtain 
confidence limits for those means found subject 
to a linear regression correlation, mean squared devi- 
ations of observed points from regression lines were 
calculated from: 


A l A 
2 » 9 
o* = —% (yy — yi)’ (2) 
and 
A /1 A 
‘ , ‘> | 
oC \ N= (Yi vi)° (3) 


where N = 60, the total number of observations, yj; 
tensile property of j specimen at i™ microshrinkage 
degree, and y; = estimated tensile property (point on 
regression line) for i microshrinkage degree. 

Summation was carried out for j 12..., 10 and 
i=1,2..., 6. Then for a given microshrinkage de- 
gree, x;, confidence limits for the calculated mean 
value of a tensile property, y, was given by an in- 
terval centered at y; and parallel to the y-axis from 
the following equation: 

A 

oT N (xi—-x)* (4) 
\ N-2 \ I > (x—x)* 
where N = 60, x = 3.5 and 3 (x—x)* = 175. Student's 
t = 2.00 for 95 per cent confidence limits with 58 de- 
grees of freedom was used. 

Confidence limits for the longitudinal vield strength 
mean were derived through determining first the 
standard deviation, 


yitt 


= yi * + be 

N-1 
where Y = grand average of all yield strength obser- 
vations, y; = yield strength of an individual specimen, 
N-—1 = 59. Then the 95 per cent confidence interval 
for the mean is obtained from, 


S (5) 
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Fig. 7—Mean elongation. 
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Y + —.eeer (6) 
VN 

Student's t = 2.00 for 95 per cent confidence limits 
with 59 degrees of freedom was used. Confidence 
limits calculated in the statistical analysis are shown 
graphically in Fig. 5-7. 
Minima 

It may be predicted with 99.5 per cent confidence 
that tensile properties of an individual specimen at 
microshrinkage degree x will be greater than 


* A j N + 1 pa 
Vi to \ N D) (/) 
where o@ is obtained from equation (3) and t 2.66 


for 58 degrees of freedom. For longitudinal yield 
A 


strength with o determined from equation (3), and 


t 2.66 individual specimen yield strength at the 
99.5 per cent, confidence —_ will be greater than 
pi 
Y-—ts rs + 8) 
Vv N 


Values calculated from these equations are the low- 
er confidence limits for an additional observation 
at degree x. Minimum tensile properties which they 
represent are shown in Fig. 8-10. 

These minima may be compared with requirements 
for AZ-63 in Federal Specification QQ-M-56. Material 
properties are related to separately cast test bar prop- 
erties. For specimens cut from castings, the require- 
ments are that the average ultimate strength, and 
average elongation of test specimens, shall be not 
less than 75 per cent and 25 per cent, respectively, 
of the value specified for separately cast test bars. 

There is no QQ-M-56 yield strength requirement 
for material cut from castings. However, the aircraft 
industry has in many instances established its own 
vield strength requirements based on 75 per cent and 
100 per cent of separately cast test bar yield strength. 
From Fig. 8-10, the materials which will meet the 
above requirements are as follows: 

Ultimate Strengths 

Degrees 1-6, Microshrinkage longitudinally 
aligned. 
Degree 1, Microshrinkage transversely aligned. 

Yield Strength 

When 75 per cent yield value applies—Degrees 
1-6 in both alignments. 
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When 100 per cent yield value applies—Degrees 
1-2, Microshrinkage transversely aligned. 
Elongation 
Degrees 1-4, 
aligned. 


Microshrinkage longitudinally 


CONCLUSIONS 

Microshrinkage in magnesium alloy AZ-63 is detri- 
mental to all of the tensile properties commonly used 
in acceptance criteria. It damages elongation severely, 
tensile strength moderately, and yield strength slight- 
ly. Transverse alignment reduces elongation and ulti- 
mate strength more than longitudinal alignment. Ana- 
molously, longitudinal alignment was found to be 
slightly more severe on yield strength. Therefore, it 
is apparent that microshrinkage in castings should be 
evaluated with respect to its orientation relative to 
service stresses. 

Reliable estimates of mean properties can be ob- 
tained through statistical analyses. Thus, fitted straight 
lines were found to be adequate in representing de- 
creases in ultimate strength, elongation and transverse 
yield strength with increase in microshrinkage degree. 
The 95 per cent confidence limits, within which the 
true means were found, vary with the scatter arising 
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Fig. 9—Yield strength minima, 99.5 per cent prediction. 
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from true radiographic assignment and inherent cast- 
ing material variations. This scatter was within tol- 
erable limits. 

There is now considerable arbitrariness involved in 
radiographic specifications limiting the degree of mi- 
croshrinkage allowable for particular applications. In 
overcoming this the application of an adequate 
strength level for highly stressed areas requires one 
approach. The economic utilization of inferior grades 
of material where property requirements are not strin- 
gent requires another approach. 

In determining tensile property minima per de- 
gree, information needed in establishing realistic ra- 
diographic acceptance criteria for AZ-63 material has 
been provided. 

Basic machined material properties were sought in 
this investigation. The values are directly applicable 
to limited areas of a machined casting. They could 
be considered slightly low when applied to entire 
castings. Machined specimens exhibit slightly inferior 
properties compared with those containing the origi- 
nal casting skin. 

The fact that the properties presented are from 
machined material must be taken into account when 
they are used to evaluate the potential of entire 
casting areas. Section size should also be considered 
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in application of the values. The properties were ob- 
tained from 3/8-in. thick material. Differences may 
be expected from material thicker than 3/8-in. Sec- 
tion size, an important property determinant in sand 
castings, within practical limitations, is considered 
to affect properties in much the same manner as 
casting defects. 

The preparation of the radiographic Manual (NA- 
VAER-00-15PC-504) was a preliminary step taken 
toward the improvement of light alloy casting qual- 
ity standards. Quantitative data concerning the influ- 
ence of various defects are required as additional 
bases for this effort. The tensile property values pre- 
sented are intended to fill a gap now due to the 
lack of quantitative data for microshrinkage in mag- 
nesium alloy AZ-68. 
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THE USE OF OIL-BENTONE SAND FOR HIGHER QUALITY 
FINISH IN BRASS AND BRONZE CASTINGS 


By 


O. E. Johnson* 


This paper is presented as a comparative study of 
bentonite-water bonded sand as formerly used versus 
oil-bentone bonded sand as presently used for the 
past twenty months. This is a study and observation 
of the advantages and disadvantages of each, particu- 
larly of the oil-bentone sand as used by the author's 
company in its non-ferrous foundry regarding mix- 
ing, molding, shakeout, casting quality and cost. 

A brief description of the foundry, its layout, equip- 
ment, and type of castings produced might be helpful 
in visualizing methods used in preparing and using the 
oil-bentone sand under discussion. 

First, the company operates a captive foundry, 
semi-mechanized in operation, and containing four 
molding stations with overhead sand (Fig. 1). This 
sand is prepared in a muller, then discharged upon a 
conveyor. It then goes to an elevator where it is 
aerated and discharged into the molder’s hoppers. The 
molds are made on conventional jolt-squeeze machines 
(Fig. 2), where the completed molds are placed and 
lowered pneumatically for pouring (Fig. 3). The 
weights are raised and lowered pneumatically for 
pouring. All metal is melted in a lift coil 100 kw 
high-frequency furnace with a 70 size crucible. 

The flasks used are steel, 11 x 18 in., with 3-in. 
cope and 3-in. drag. Other flasks used are 12 x 16 
in. with 3-in. cope and 3-in. drag. 

Metal poured per mold averages 6 lb, gross. The 
average casting is 12 pieces to the lb. All castings are 
polished, buffed, and lacquered. Many castings are 
also plated. No visible defects are accepted on sale- 
able castings. The line manufactured is builder’s hard- 
ware. All foundry operations are performed in an 
area of 4,900 sq. ft. 

Clay-water bonded sands are still being used by 
most foundries, and in the future they probably will 
continue to be used. Their use is well understood, and 
each foundryman has his particular mix or mixes that 
have given him satisfactory casting quality. It is not 
the purpose of the writer to go into the merits of 
these, but rather to discuss what has been done with 
oil-bentone sand by the author’s company. 

Many sands may be used depending on the finish 
desired, but they must be of the washed and dried 





*Foundry Foreman, The H. B. Ives Co., New Haven, Conn. 
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variety. In this type of bonded sand, water, clay, or 
volatile materials are to be avoided. Water has al- 
ways been a necessary evil in molding sand. Oil-ben- 
tone sand does not use water; therefore permeability 
becomes less of a factor. There are less gases evolved 
in pouring of oil-bentone sands. Sand fineness can be 
increased to the point where it is difficult or impos- 
sible to remove clay or silt (about 180 AFS). 

Molds may be rammed harder with no danger of 
scab or wash, giving a more accurate mold cavity 
and a closer tolerance in casting dimensions. Due to 
the absence of water, fluidity of the metal is in- 
creased. The chilling effect of water is eliminated. 

This may create a shrinkage problem. Shrinkage is 
not increased, but becomes more visible because a 
thinner skin on the casting allows the shrinkage to 
become surface rather than internal in nature. A 


change in gating or risering may be necessary in some 
cases. 

Surface finish is more easily maintained with the 
oil-bentone sand. This is not meant to infer that good 





Fig. 1—View of the 4-station molding bay. 
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finish is unobtainable with clay-water bonded sand, 
only that the author's company is able to produce a 
consistent good quality of finish now. The finish pro- 
duced formerly was not consistently good. 

Since the adoption of oil-bentone bonded sand, ex- 
tra wheel operations and repair operations in the pol- 
ishing department have been greatly reduced. Prior 
to its use they were frequent enough to be considered 
standard 

This sand seems to have better ability to flow or to 
conform to pattern contoul than the sand formerly 
used. It is felt that the casting finish now is as good 
as in shell molding, with the advantage of being able 
to use standard foundry equipment and methods 

While the bonding and wetting materials are more 
expensive, they are not as expensive as the materials 
used in shell molding, and the sand has the advan 
tage of being reusable. It is not even necessary to 
remull after each use, aerating being adequate. 

However rebonding should be done in the muller. 
As to the rebonding process, it is difficult to be spe- 
cific as to frequency or amount of new bonding ma- 
terial to use. The ratio of sand in the mold to the 
volume of metal poured, plus metal temperature plus 
time allowed betore shake-out, determine the amount 
of bond and the frequency of rebonding. As long a 
time as is practical between pouring and shake-out 
is advantageous, as the oil has a chance to recondense 
in the sand rather than be drawn off by the exhaust 
system as vapor. 

Hot sand does not seem to be a problem. It does 
not stick to the plate, provided no wax is present. 
There has been no tendency to wash or scab regard- 
less of mold hardness. It is a bit more difficult to move 
in the system, but by reducing the amount of sand to 
be moved, as temperature is no problem, the moving 
of the sand becomes less difficult. 

As far as records and methods of testing the sand 
are concerned, the writer believes that the user of 
oil-bentone bonded sand must determine for himself 


~ 
+ 


~~ 


> 


> 





= 
Paid 


Fig. 2—Molds are placed on a roller conveyor for pouring. 
Weights are handled pneumatically. 
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Use of Oil-Bentone Sand 


the proper hardness, permeability, green strength, and 
dampness. No water being present, permeability be- 
comes less important. Oil instead of water complicates 
determining moisture content. The feel and response 
of the oil-bentone sand is quite different from clay- 
water sand, 

It is practical to use at an apparent green strength 
unthinkable with clay-water sand; for example, 3 Ib 
green strength. Also, 8 to 9 lb green strength is the 
maximum practicable to obtain. This strength is not 
necessary and makes molding more difficult. It seems 
to have more ability to be compressed than clay-water 
sand. Green strength of 5 lb and mold hardness of 
75 will make most jobs, give a fine finish, and close 
dimensional tolerance. 

The bonding method is well described by the man- 
ufacturer. To repeat briefly, all measured amounts 
should be accurate by weight and washed, and dried 
silica sand, fineness as desired. Dry bond is added, 
and it is put in the muller. Oil is added immediately, 
and mulled for 2 min. Ethyl or wood alcohol is added 
and it is mulled until the sand is ready to use; that is, 
until the oil-bond-alcohol reaction has taken place. 
This is usually within 6 or 8 min. after adding alcohol, 
with the high-speed muller. In bonding, the muller is 
a must. 

At the author's company there is no laboratory or 
a man responsible for compiling sand or metal data. 
However, there is equipment for testing mold hard- 
ness, green strength, permeability, and moisture. Two 
sands are used—one with a grain fineness of 155 AFS; 
the other about 190 AFS. 

Using the 155 sand and adding 3.5 per cent ben- 
tone, 2.5 per cent oil, and 1 per cent ethyl alcohol, 
mulling as described, the figures A in Table 1 were ob- 
tained. Using the 190 sand and adding 4 per cent 
bentone, 3 per cent oil, and 1.5 per cent alcohol, mull- 
ing as before, the figures B in Table 1 were obtained. 

The writer feels that it is fair to conclude that al- 
most any desired green strength may be obtained by 





Fig. 3—Metal is melted in a lift-coil 100 kw high frequency 


furnace. 
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TABLE 1—SAND MOLD HARDNESS, GREEN STRENGTH, 
AND PERMEABILITY, 155 SAND 


Mold Green 
Hardness Strength 





Permeability 


70 §.5 20-25 
A 

85 8.5 12-16 

SO 8.5 12-16 
B 

90 13.0 10 





increasing mold hardness and varying the amounts of 
oil and bentone. Permeability decreases as mold hard- 
ness or oil increases. However, permeability is not 
an important factor with oil-bentone sand. The writer 
further feels that while these figures may serve as a 
guide in starting to use this type of bonded sand, in 
the final analysis each foundryman must develop that 
sand and procedure which best fits his needs and 
equipment. 

Rebonding, ideally, in the writer’s opinion, should 
be done by adding small quantities of oil, bond and 
alcohol to each muller load. However, rebonding is 
not done in this manner. A green strength of 8 lb is 
obtained. This is allowed to reduce by use to about 
3 lb green strength, then approximately 15 per cent 
of the original amount of oil is added to bring up the 
moisture content. 

It is then allowed to become weak by use again, at 
which time about 20 per cent of oil, bond and alcohol 
are added, bringing the sand back to 8 lb green 
strength. This requires somewhat longer than the reg- 
ular mull cycle, but about 25 per cent of the bonding 
cevele. 

Certain precautions should be taken. First, the mull- 
er door, if it is the enclosed type, should be left open 
after the alcohol has been added. This is explosive as 
well as toxic. No smoking or fire should be allowed 
near the muller during bonding or rebonding. The 
alcohol should not be allowed to remain in the plant 
except during use. 

No further hazards are encountered until the poured 
molds reach the shakeout. Here the molds must not 
be shaken out until the castings have cooled to a 
temperature where the oil vapor will not ignite, other- 
wise a flash fire will occur. The shakeout should be 
hooded and ventilated to remove the smoke and vapor 
released. No other hazards have been encountered. 

Bentone is a dry powder, produced from bentonite 
by a chemical conversion. It is combined with metal 
oxides for use in the foundry. In fineness it compares 
with bentonite. Its ability to combine with oil to pro- 
duce a bonding action with sand makes it ideal for 
use in formulating foundry molding sand. 

The oil used is a gulf coast oil with a viscosity of 
100 at 100 F. It is similar to a flushing oil, and has a 
high flash point. It is obtainable at any oil company. 
The alcohol must be ethyl or wood. No substitutes, to 
the writer's knowledge, are acceptable. 

The following figures, taken from the accountant’s 
records, covering the year 1955 (the vear clay-water 
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bonded sand was last used) and 1957 (the first com- 
plete year oil-bentone sand was used) are presented 
for the consideration of the reader. It has been found 
that the oil-bentone sand costs 1.65 cents more per 
lb of good castings produced. 

This added expense can be justified because of the 
use of castings which require a highly finished surface. 
Approximately two-thirds of all castings produced are 
by tumbling methods. The better surface and the 
thinner skin now obtained allowed a reduction in the 
tumbling cycle by one-third, thus increasing the po- 
tential capacity by 50 per cent. 

Unfortunately, the need for this added capacity 
cannot presently be foreseen, therefore, a savings has 
not been calculated, for unless volume unexpectedly 
increases, the savings will not be realized until exist- 
ing equipment needs replacement. 

The other third of the castings produced are fin- 
ished by hand polishing methods. This is where tang- 
ible cost savings have been realized. The cost records 
for 1957 (the oil-bentone sand period) indicate sav- 
ings in polishing labor and other direct costs (exclud- 
ing all fixed overhead costs) amounting to 14 times 
the additional foundry costs. These data were comput- 
ed by comparing years 1955 and 1957 on the cost per 
lb of good castings basis. 

It would be erroneous to assume that the new sand 
procedure should have the entire credit for this sav- 
ings. For, as the comparison necessarily embraces a 
three-year period, several other changes of a technical 
and supervisory nature also occurred during this time. 
It is believed, however, that at least half of this im- 
provement can be directly attributed to the use of 
oil-bentone bonded sand. Therefore, the author’s com- 
pany feels justified in continuing the use of this sand. 

Somewhat in the form of a bonus for the company, 
it is easy to use. It gives a consistently fine finish and 
closer tolerances. It peels almost completely from the 
castings, and uses far less new sand additions. It needs 
no special equipment, is easier to control (in the 
writer's opinion), gives a thinner skin to the castings, 
and aids the metal in filling the mold cavity because 
of a lesser chill effect. 

The decision to use this sand was made with some 
hesitation because it meant a complete discarding of 
the clay-water bonded sand and replacing it with oil- 
bentone bonded sand. It further was felt that at least 
one year's trial was necessary to get as accurate an 
appraisal as possible of its benefits, costs, and other in- 
formation. 

The writer feels that without a competent cost ac- 
countant and cost system with accurate records, this 
report would not have been possible. 
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DUST PIPING MODIFICATIONS TO PREVENT 
MATERIAL BUILDUP AND WEAR 


R. C. Ortgies* 


In modern industrial plants, equipment manutac- 
tured by numerous companies is blended together 
to perform as a single unit to produce an end prod- 
uct. Each of the components must of necessity be of 
the highest quality and workmanship, precision man- 
ufactured, and designed for a minimum amount of 
maintenance. This was achieved through: 1) Research, 
2) Engineering, 3) Field application data, 4) Material 
selection, and 5) Manufacturing techniques acquired 
through years of experience. 

Such a combination occurs in foundries, particu- 
larly in sand handling and shakeout systems, abra- 
sive cleaning, polishing and grinding stations. All 
foundries are dust control conscious; therefore, suit- 
able equipment has been installed to prevent contam- 
inants from being discharged to the working area and 
to the atmosphere. The main link between the man- 
ufacturing equipment and dust control is the dust 
piping system. 

During the past 20 years and more, little or no 
improvement has been made in the dust control 
piping system except for the following: 

1. Standardization of gauge thickness of metal piping. 
2. Design specifications for hooding at conveyor trans- 
fer points, enclosures, etc. 

Minimum and maximum velocities through hood 
openings. 


(oy) 


*Staff Engineer, American Air Filter Co., Louisville, Ky. 


SLOTS V3 CIRCUMFERENCE 
120° 








ADO 10 % TO VOLUME 


AIR FLOW 


REGULAR ELBOW 


Fig. 1—To eliminate plugged elbows cut 1/4-in. slots in the 
outer surface for a maximum of 120 degrees. A minimum of 
three slots are required for a 90 degree elbow. 
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4. Standardization of conveying velocity requirements. 
5. Standards for calculating air volumes and duct re- 
sistance. 

Too often the main concern of engineers in the 
dust control field, as well as the fabricators and in- 
stallers of the duct work systems, is to comply with 
good piping practice which consists of proper sizing 
of all ducts, the use of long radius elbows, proper 
location of branch pipes to the main ducts, and pro- 
vision of cleanout doors and blast gates to regulate 
air low. However as dust loads increased with high- 
speed production, it became apparent many foundries 
did encounter wear at elbows due to heavier dust 
loads, plugging due to moisture, and plugging from 
handling materials of a tacky nature due to impreg- 
nation with grease or other materials. 

A dust piping system to be effective for today’s re- 
quirements must have, in addition to compliance 
with fixed regulations, elbows which eliminate wear 
and plugging; duct connections which are readily 
removable. A system must be designed to eliminate 
plugging where moisture laden air and dust is han- 
dled. In many applications corrective measures should 
be taken where material which is semi-fluid or greasy 
is carried in the air stream. Proper placement of duct 
connections with large transitions is desirable. 

Some 10 years ago introduction of the flat-sided 
elbow was an initial step toward helping the abrasive 
problem (same as Fig. 2 except for slots). For ex- 
treme dust loads the wearing side was rubber lined 
in some cases. 

Duct modifications to decrease maintenance and 
corrosion which have been proved in the field in 
foundries and allied industries are as follows: 


ELBOWS 

When abrasive, semi-fluid, greasy, or moisture-laden 
air and dust pass through an elbow, the dust is forced 
to the outer surface by centrifugal force. If abrasive, 
holes soon appear. If moisture and dust, a plugged 
elbow results. To eliminate or reduce these effects, 
it is necessary to prevent the material from making 
contact with the outer surface. This can be accom- 
plished by saw cutting 1/4-in. slots in the outer 
surface for a maximum radius of 120 degrees. A mini- 
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mum of three are required for a 90 degree elbow areas are retained to steady the pipe. A second row 
(Fig. 1) placed at 15, 45, and 75 degrees, respectively. of slots spaced 2 or 3 ft beyond the initial set is 

The indraft air raises and deflects the dust prevent- helpful for more severe cases. The slotted opening 
ing contact with the outer perimeter of the elbow. should then be rotated 30 degrees for best results. 
Where flat-sided elbows are used, the above procedure Ten per cent of duct volume for each row of slots 
is carried through on the outer flat plate only (Fig. 2). is the usual requirement. 


Additional air required to compensate for slots is 
approximately 10 per cent of volume passing through 
each elbow for small diameter pipes, with lesser per- a 
centage for larger sizes. While volume through slots is Pa, 7 : 
a function of the total pressure in the ducts and the : 


“4 
duct diameter, it will approximate an additional 10 “a - 


aN 
per cent of the exhaust volume. ”, 
30° | 
| 
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—— SLOT WIDTH=DIAMETER PIPE 











SAND MIXER VENTILATION 
Where moisture laden air and dust is vented from / 
a process such as a sand mixer in a foundry to a s 
central or individual dust control system, plugging 
of ducts often occurs. This generally occurs at hood or | # 00 0% To VoLuMe 
enclosure duct connections and elbows in the branch ——— AR FLOW 





line. Continual cleaning of such ducts can be reduced 
or eliminated by bleeding in room air at a point above FLAT SIDE ELBOW 
the hood (Fig. 3). If a 7-in. pipe is required for Fig. 2—When flat-sided elbows are used, cut slots through the 
efficient ventilation, a flanged duct 9 in. in diam- outer flat plate only. 
eter should be used for the bleed-in method. The 7- 
in. duct should extend into the larger pipe a minimum _7-- USE SLOTTED ELBOW To MAIN CUCT 
of 6-in. a 

This concentrates the moist air from the hood — 
through a column of relatively dry air. Since no con- 
tact is made with the pipe, plugging is retarded 
eliminated. Eventually, mixing occurs and in some 
instances the bleed-in method must be repeated. It 9” VABLE DUCT FOR EASY 
is advisable to use the slotted elbows in conjunction ba pe eve 
with this system wherever turns must be made in the . i = 
duct line. In most instances one elbow is all that is 4 is DRY ain FLOW 
required before entering the header pipe. Approxi- Sal | 7 7 
mate air volume requirements are 25 per cent of 
original volume calculated. To facilitate cleaning of v7 
the short riser, it is suggested that construction should - 
provide means for easy fast removal. Use larger round it 
tapered 45 degree transitions wherever possible. 























ADD 25 % TO VOLUME 


AERATOR VENTILATION 






























Where moisture content and dust loads are not too L 
severe, a system where lesser quantities of bleed-in 
air are required can be installed. By placing 1 4-in. SS } 
slots around the circumference of the branch pipe MIXER VENTILATION 





using three 90 degree open areas, the bleed-in air 7 id ’ 
- F te I Agi? is, th leed oon Fig. 3—Continual cleaning ducts of a central dust control sys- 
through the pipe will help eliminate plugging of the tem can be reduced or eliminated by bleeding in room air at 
duct (Fig. 4). The remaining three 30 degree uncut a point above the hood. 


tO TWO PIPES USUALLY REQ‘’O 
\ 3- “gq SLOTS +n cies 
we \ 4 ——COPEN AREA 75 % be ROTO ELBOW TO Mai 
CUT AREA PIPE CIRCUMFERENCE 




















CUT AREA 
1 ol bo 6” 
| ADD 10 % TO VOLUME 
. 2 FOR EACH PIPE — 

Fig. 4—By placing 1/4-in. slots ” 30 A | aA 
around the circumference of the a + way 
branch pipe using three 90 degree 90° > ele SLOT 
open areas, the bleed-in air will cuT — : " 
help eliminate plugging of the SECTION A-A_ me 
duct. as 




















AIR FLOW r 4 


AERATOR VENTILATION 
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ELEVATORS 


Elevators, because of their height, often are victims 
of improper placement of duct connections. A com- 
mon error is to install the ventilation duct on the 
head of the elevator discharge chute. 

An elevator operating at maximum capacity gen 
erally throws the sand past the duct. It is only logical 
that large quantities of sand will be drawn into the 
dust control system with the exhaust air. Plugging 
and excessive pipe wear results. Heavy concentrations 
from improper location is often a factor where slurry 
ing is encountered in wet-type collector sludge tanks 

The proper choice is either the side or top connec 
tion. In replacing belts the top connection usually 
interferes and must be disconnected. Too often the 
temporary removal becomes a permanent feature re 
sulting in complete loss of contact at this point. A 

NCORRECT OUCT LOCATION 
ALTERNATE OucT ATION 
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Fig. 5—Basic dimensions for proper side plenum. 
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Fig. 6—A large transition reduces velocity and eliminates sand 
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SAND BIN VENTILATION 
Fig. 7—Proper foundry venting by a stub stack overcomes con- 
densation formation in bins. 
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Dust Piping Modifications 


simple slip joint can be used to advantage to reduce 
time and cost of replacement. Many of the newer 
foundries are using side connections as this causes no 
interference with elevator repair work. Basic dimen- 
sions for proper side plenum are shown in Fig. 5. Ii 
hot or steaming sand is encountered and excessive 
condensation is occurring, causing plugged ducts, the 
muller type of connection, Fig. 3, used in conjunction 
with slotted elbows usually eliminates entirely or re- 
duces this branch pipe difficulty. 


ROTARY SCREENS 

Rotary screens, as a general rule, are hooded fair- 
lv close by the manufacturers to the rotating drum. 
Too often the venting duct connection is made with- 
out the use of transitions. If provided, they generally 
are too small to obtain maximum dust control without 
carry over of valuable sand to the collector. Sand 
clinging to the screen when passing the duct is car- 
ried away by the high velocity air movement. Exces- 
sive duct wear and plugging results. Heavy dust loads 
to collectors which causes excessive maintenance can 
be traced to improper connections. 

\ large transition of the type as shown in Fig. 6 re- 
duces velocity and eliminates sand carry over. Where 
it is desirable to remove fines, louvres installed in 
the hopper section aid in this respect. These should 
be adjustable (Section “AA” Fig. 6). Where hot 
steaming sand is encountered and branch pipe plug- 
ging occurs the use of air shield systems in combina- 
tion with slotted elbows are aids to be considered 
to eliminate this malfunction. 


SAND BIN VENTILATION 


Bin ventilation standards have been established and 
are in general usage today. Little has been written 
on methods to prevent condensation during shutdown 
periods. With sand system and dust control units in 
operation the bins are under a negative pressure. 
Extreme cold, damp, or humid influx of air causes 
condensation to form within the bin. This can be 
overcome by venting to the foundry proper by the 
use of a stub stack (Fig. 7). Conditions within the 
foundry at top of sand bin tower approximate those 
within the bins more closely than outside temperatures 
and weather. Vent should be equipped with sloping 
guard and inlet screen. Where production has in- 
creased the sand cycle hot sand results. Conditions 
are then more difficult than where bins of ample ca- 
pacity are used. Satisfactory results have been ob- 
tained by doubling the amount of stub vents and 
utilizing the muller tvpe of connections. 

This discussion deals primarily with foundry appli- 
cations where each of the six methods shown has 
been successfully used. 

Other industries having similar problems, could cut 
their maintenance labor and duct replacement costs 
by intelligent use of similar exhaust system modifica- 
tions. 

Piping must be kept clean and free from all ob- 
structions if the system is to contribute to the health 
and welfare of production workers, reduce fire haz- 
ards, and lower maintenance costs both to machinery 
and the collector proper, 





PACKING CHARACTERISTICS OF TYPICAL FOUNDRY SANDS 
By 


L. J. Pedicini* 


The previous papers of this symposium have de- 
scribed the laws governing the compaction of small 
particles and to what extent single sieve fractions of 
foundry sands comply with these laws. This paper 
deals with the compaction of some typical foundry 
sand distributions. Table 1 lists the 11 sands included 
in this study. They were selected solely on the basis 
of availability at the time. However, they cover a 
rather broad range of finenesses and distributions, 
as shown in the sieve analyses listed in Table 2. 


VIBRATED DENSITY — DRY SAND 
The dry density of each sand was determined by 
vibrating one quart of the material for 45 sec. The 


°Head, Metal Castings Laboratory, General Motors Process Development 
Staff, Detroit 


TABLE 1 — TYPICAL FOUNDRY SANDS STUDIED 





Screen 
AFS Dis- Spe- 
Fine- tribu- cific® 
Name Type ness tion Gravity 
1. Muskegon Subang 51.4 j 2.61 
Lake 
2. Silica No. 60 Round, Subang 34.4 2 2.63 
3. Wedron No. 8 Aug. Subang LiL. 3 2.65 
1. Wedron Aug. Subang 144.4 3 2.63 
No. 10 
5. Juniata Shell Aug. Subang 116.3 2.56 
6. Zirconite Aug. Subang, 18.7 4 1.76 
Round 
7. Wedron No.2 = Subang $1.7 3 2.63 
8. Vassar Bank Aug. Subang 94.2 3 2.60 
9. St. Marie Shell Aug. Subang Liv. 4 2.65 
10. Penn Glass Aug. Subang 141.7 5 2.61 
11. Manley Silica Aug. Subang, 160.8 5 2.63 


Comp. 
®Experimentally determined 








Fig. 1—Equipment used for vibrated density determinations. 
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equipment used is shown in Fig. 1. It consisted of a 
standard one-quart container which had been fitted 
with a sleeve that extended 1-1/2-in. above the top 
of the container. 

The sand was dumped into the container to the 
level of the top of the sleeve. The container and its 
contents were then placed in the vibrating fixture 
and vibrated for 45 sec. A one-in. pneumatic vibrator 
was used. After the vibration, the sleeve was removed 
and the sand was struck off level with the top of the 
container. The tared weight of the sand was recorded 
for the density calculations. Averages of five tests are 
recorded as the vibrated dry densities in Table 3. 

It should be noted that all densities in this paper 
are expressed as percentages of the experimentally 
determined specific gravities as shown in Table 1. 

It was determined that the vibrated dry densities 
of the sands studied were all within + 10.3 per cent 
of the theoretical orthorhombic packing (60.45 per 
cent solids). The deviations from the theoretical can 
be attributed to imperfect packings, grain shapes, 
light and/or heavy impurities, grain size distribu- 
tions, and experimental error. However, it can be 
assumed that most foundry sands will approximate 
orthorhombic packings, at least in the dry state. 

Further study of the data indicate that coarser 
sand, as defined by the AFS fineness number, packs 
to greater density than finer sands. This is shown 
graphically in Fig. 2. 


RAMMED DENSITY — DRY SAND 


The rammed densities of the 11 test sands were 
determined for 1, 5, 10, 15, and 20 rams using the 
standard AFS equipment and procedure.* The density 
calculations were only approximations based on the 
weight of sand in a 2-in. x 2-in. diameter specimen. 
The results are shown with the vibrated dry densities 
in Table 4. This data follows the same general trend 
as shown in Fig. 2 for vibrated densities. 

It is interesting to note that only four of the sands 
(2. 7. 8, and 10) attained higher densities at 20 
rams than were attained by vibration. Moreover, only 
sand No. 7 attained a significantly higher density by 
ramming. 
®*The procedure is described on pp. 21 and 22 of the Founpry 

Sanp HanpsBook, American Foundrymen’s Society, Des 
Plaines, Ill. 
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rABLE 2 — SIEVE ANALYSIS OF SANDS TESTED 





Per Cent Retained on Screen for 11 Sands Tested 





U.S. Sieve No l 2 } 1 5 6 7 Ss 9 LO ll 
20 ().22 
0 2 6S 5.40 : 
10 13.70 59.90 0.62 
50 $3.22 27.56 1.52 34.12 1.86 3.00 1.60 1.08 
70 31.20 5.08 2.80 1.82 0.32 18.50 8.04 5.18 9.08 6 12 
100 12.28 1.30 20.40 3.54 20.34 $.00 15.02 35.62 14.08 16.78 L2 16 
140 3.34 0.54 50.54 35.60 35.04 17.56 2.26 35.40 36.62 22.86 2] 1S 
200 1.42 0,22 18.68 35.28 23.50 16.98 12.74 26.38 19.50 20.38 
270 0.72 7.50 19.38 11.00 1.24 3.88 10.04 15.40 17.88 
Pan 0.76 1.96 5.90 2.58 0.04 0.76 2.58 14.44 20.08 
of Clay 0.32 0.90 0.92 1.42 ” 
AFS Fineness 51.4 4.4 L112 144.4 116.3 118.7 o1.7 94.2 117.5 141.7 160.5 
RAMMED DENSITY —SAND WITH 2 PER CENT to GFN follows the general trend of Fig. 2. As might 
mS TURE be expected, the densities are consistently lower (2.6- 
Table 5 shows the effect on rammed density of 8.0 per cent) than attained by ramming the sands 
adding 2 per cent moisture to the 11 sands under in the dry condition. It should be noted that this 
consideration. Here again the relationship of density technique is considerably different from that report- 


ed previously by Heine and Seaton,® and the results 
are therefore different. By compacting their sand 
samples in an excess of water they noted a substantial 


























increase in density. 
= RAMMED DENSITIES OF BONDED SANDS 
For the next series of tests the 11 sands being 
120] considered were mixed with 5 per cent western ben- 
< ws °R. W. Heine and T. W. Seaton, “Density of Sand Grain 
= a a Fractions of the AFS Sieve Analysis,” Moprern CastTINncs, 
2 Fig. 2—The trend Feb. 1958, pp. 62-67, and Transactions, AFS, Vol. 66, 
8 2 of relationships of 1958, pp. 40-45. 
z \ density to GFN. 
Fd \ 19 
= 60} % 
$ 
: 40 17 
20 ¢ 15 
' 
° é 
55 7 39 ry rr) rey 67 © 
VIBRATED ORY DENSITY 5 13 
AS PERCENT OF SPECIFIC GRAVITY = 
TABLE 3 — VIBRATED DENSITIES OF DRY SANDS > - > > 
y p \ 
AFS Vibrated® rg yf ta 
No. Name Fineness No. Dry Density § Sf 7 
l Muskegon Lake 51.4 66.7 5° 
2 No. 60 Silica 34.4 65.4 : 
3 Wedron No. 8 111.2 63.7 ” 
4 Wedron No. 10 144.4 63.4 7 
5 Juniata Shell 116.3 62.6 
6 Zirconite 118.7 62.2 
7 Wedron No. 2 51.7 61.9 
8 Vassar Bank 94.2 61.5 5 
9 St. Marie Shell 1175 60.8 OF een Ae. 
10 Penn Glass 141.7 57.4 SE OST nor ae wre © 
1] Manley Silica 160.8 56.2 


Fig. 3— Green compressive strength vs. density at different 


*Densities expressed as percentages of specific gravity : 
ramming levels. 





TABLE 4 — RAMMED DENSITIES OF DRY SANDS 
Densities of 11 Sands Tested 























Rams ] 2 3 4 5 6 ri 8 9 10 1] 
l 61.1 61.1 58.6 58.7 58.9 58.3 61.4 58.3 56.2 52.1 51.3 
2 61.9 62.0 59.0 59.2 _ 59.0 - 58.6 - 52.6 51.9 
3 62.4 62.6 59.4 59.7 — 59.4 — 58.9 _ 53.2 52. 

4 62.8 63.1 59.7 60.1 — 59.9 ~ 59.1 — 53.6 52.8 
5 63.2 63.5 60.1 60.5 59.7 60.0 62.8 59.4 97.2 54.0 53.1 

10 64.5 64.9 61.9 61.6 60.5 60.8 64.1 60.4 58.4 55.6 54.3 

15 65.3 65.5 62.8 62.5 61.4 61.5 64.9 61.1 59.5 56.5 55.1 

20 65.5 65.7 63.0 63.1 62.4 62.0 65.3 61.8 60.6 57.5 55.7 

Vibrated 66.7 65.4 63.7 63.4 62.6 62.2 61.9 61.5 60.8 57.4 56.2 





84 ° modern castings 

































L. J. Pedicini 


TABLE 5 — RAMMED 


DENSITIES OF SANDS WITH 2 PER 


CENT MOISTURE 









Rams l 2 3 j o 
l 58.9 57.2 55.5 55.4 55.0 
5 59.4 59.0 56.9 57.2 56.9 
10 60.5 60.0 58.0 58.2 57.8 
15 61.1 60.8 59.1 59.2 58.4 
20 61.7 61.6 59.7 59.9 58.9 


Densities of 11 Sands Tested 
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TABLE 6 — RAMMED DENSITIES OF SANDS WITH 5 PER CENT WESTERN BENTONITE AND 3 PER CE 


NT MOISTURE 





Densities of 11 Sands Tested 


Rams l : 3 4 5 
l 53.7 54.0 51.6 55.2 52.3 
5 56.5 56.2 54.5 56.0 54.5 

10 58.0 57.4 55.8 56.7 55.8 

15 58.9 58.2 56.6 57.6 56.5 

20 59.5 58.9 57.3 58.2 56.5 
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tonite and 3 per cent water by weight. Table 6 shows 
the rammed densities. Again, as might be expected, 
the densities are lower than those of the dry sand or 
the sand with 2 per cent moisture. The No. 6 sand 
particularly was affected by the addition of the bond 
material. Its density was reduced by 7.1 per cent at 
the 20 ram level. 
GREEN PROPERTIES OF BONDED SANDS 

The mold hardness, green compressive strength, and 
permeability were recorded at each ramming level as 
well as the density. These data are compiled in Table 
7. Many efforts to establish definite relationships be- 
tween these properties and GFN indicated an insuffi- 
cient data. However, the graphs in Fig. 3, of green 
compressive strength vs. density at the different ram- 
ming levels, indicate the tremendous effect of the 
raw sand on green strength. 

This effect can be attributed to the average grain 
size, grain-size distribution, grain shape, and surface 
condition of the sands. In many foundry applications 
a high green strength, low density sand is ideal. The 
low density would tend to resist the expansion type 
of defect. Moreover, the permeability associated with 
the low density would provide adequate venting. 

Figure 4 shows graphs of permeability vs. GFN for 
two density levels. These graphs depict a relationship 
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PROPERTIES OF SANDS WITH 5 PER CENT 
BENTONITE AND 2 PER CENT MOISTURE 
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RELATIONSHIP OF PERMEABILITY TO 
GRAIN FINENESS NUMBER 





Fig. 4—Permeabil- 
ity vs. GFN for 


two density levels. 
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TABLE 9 — PROPERTIES AT 10 PSI GREEN 
COMPRESSIVE STRENGTH 





AFS Density No. of 
No No “e Sp. Gr Rams Hardness Permeability 
] 51.4 55.3 0) S7_S 155 
2 4.4 58.1 14.6 90.1 s00 
111.2 53.3 9.7 87.9 5 
} l 14.4 55.6 2 5 86.5 a8 
5 116.5 52.9 19 SYU6 1) 
6 118.7 15.4 1.4 SO 55 
i o1.7 58.7 16.8 90.6 110 
S 94.2 52.4 1.8 SS 58 
9 117.5 51.5 3.2 $9.4 39 
LO 141.7 50.1 ).2 89.5 25 
ll 160.8 17.5 2 > 87.2 7 





that is well known, that permeability decreases as 
the fineness of the sand increases. However, the effect 
of change in density may be of interest (Table 8). 


86 °* modern castings 





Foundry Sand Packing Characteristics 


The overall effects of the raw sand on the green 
properties of a molding sand are shown in Table 9. 


The relationships between GFN, hardness, density, 


and permeability are shown at a green compressive 
strength of 10 psi. Moreover, the number of rams 
required to produce this green strength is shown. 


CONCLUSIONS 


The only conclusions that the author has drawn 
from this study are: 

1. The proper choice of the raw sand for green 
sand molding is much more important than 
most foundrymen appreciated. 

2. Much more work must be done toward a bet- 
ter understanding of one of the foundry indus 
try’s most important raw materials—sand. 










































THE EFFECT OF VANADIUM ON THE HIGH & LOW 
TEMPERATURE MECHANICAL PROPERTIES OF A 
1Cr-I[Mo CAST STEEL 


By 


L. D. Tote* and R. S. Zeno* 


ABSTRACT steels with high temperature properties (to 1100 F) 
A study was made to determine the effect of vanadium approaching those of austenitic stainless steels. 
content on the high and - menperinare gi 8m It has been recognized for some time that vana- 
properties of a 1 per cent chromium-1 per cent molyb- . ™ e P ‘ , i bas . —_ - 
denum cast steel. The steels were tested in the normal- dium is one of the most pote nt high te mperature 
ized and tempered condition at comparable hardness strengtheners of low alloyed ferritic steels.'? In order 
levels. to explore this further, step additions of vanadium 
The following effects were observed when step ad- ; : et a 
Sikes ak canaiien eaen deals ty Uae Uh tants of were made to two low alloy ferritic steels. The effect 
1Cr-IMo and 1Cr-1Mo-1/4V steels raising the vanadi- of vanadium content on the high and low tempera- 
um content from 0.04 to 0.29 per cent, and from 0.23 to ture mechanical properties of these steels was de- 
0.54 per cent, respectively. ’ ‘ : 
1. There was a significant increase in the rupture termined. The results are presented in this paper. 
strength at the higher parameter numbers (M = 36,000 
to 39,500). ; : PROCEDURE 
2. Increasing the vanadium from 0.04 per cent to 0.22 ; 
per cent lowered the rupture ductility but further in- Material 
creases in the vanadium content from 0.23 per cent to , ; = 
0.54 per cont did net change the rupture pithy Two 10,000 lb heats of steel, one a 1Cr-1Mo (2671), 
3. The tensile and yield strengths appeared unaffect- the other a 1Cr-1Mo-1/4V (2759) were made by 
ed as a result of increasing the vanadium content from the basic electric process. The initial vanadium addi- 
0.23 per cent to 0.54 per cent. ‘ ‘ ; . 
cent to 0.22 per cent increased the energy ond rastare furnace. The step additions of vanadium were made 
SPP cossaneats, Ueamaties io wtaiten entien a to both heats in the ladle. The vanadium was added 
0.23 per cent to 0.54 per cent showed little, if any, sig- in the form of ferro-vanadium (55 per cent V). The 
nificant change. base composition of the two heats, and the vanadium 


5. The bainite became finer with vanadium additions 
to 0.40 per cent. Bainite coarsening resulted with the 
0.54 per cent vanadium content. 


levels of the test blocks poured, are given in Table 1. 


6. The grain size increased with vanadium additions Sampling 
to 0.40 per cent. The grain size again became smaller 
with the 0.54 per cent vanadium. The test blocks were cast in the form of 1-ft cubes 











wae Iaeet} nn pee cm - pn Suk) one Bage ts weighing approximately 500 lb. All of the test mate- 
(VsCz). : rial was taken from a 1-1/2-in. x 12-in. x 12-in. slab 
8. A nominal 1Cr, 1Mo, 0.5V cast steel has a 1100 F, 
100,000 hr are strength approaching that of wrought 
type 347 stainless steel. . ‘ . i , . sa 
9. The 0.1, 0.2 and 0.3 per cent (plastic strain), 100,- TABLE Ce ee tae hea om TEST 
000-hr creep strength at 1050 F (M = 37,800) approach- - = t - 
es that of wrought type 347 stainless steel. At higher Heat & 
parameters the creep strength of the 0.54 per cent V Test 
steel appears to fall off. Block Composition, “ 
INTRODUCTION No. Cc Si Mn S P cm Wi Me V 
. ' 2671-6 “0. 8 2 0.75 ql r 2 os 0.15 1.07 0.04 
Low alloy steels in large tonnages are used through- ee te ee ee frees) 
out the world in turbine, oil refineries and other in- 2671-9 Base Composition 0,22 
. ° ‘ omit Te oC 
dustries where good low and high temperature me- 2671-10 Base Composition 0.29 
chanical properties are essential. For the sake of 2759-1 0.16 0.30 0.83 0.007 0.012 1.12 0.11 0.97 0.23 
economy there is a need for developing low alloy (Base) 
: 2759-2 Base Composition a 
2759-5 Base Composition 0. 
*Materials & Processes Laboratory, Large Steam Turbine-Gen- 3759.6 Base Coudpelition 0.54 


erator Dept., General Electric Co., Schenectady, New York. 








58-69 425 August 1958 ° §87 









426 Vanadium Effect on 1Cr-]1Mo Cast Steel 





cut midwav between the riser-test-block interface and 
the test block bottom ( Fig. 1). 





Heat Treatment 


RISER A summary of the normalizing and tempering heat 
treatments and the resultant hardnesses is given in 
Table 2. The initial normalizing and tempering cy- 
cles were made on the as-cast test blocks. Where 
additional tempering cycles were required to develop 
; comparable hardness levels, they were run in the 
laboratory on sections from these test blocks. As the 





TEST BLOCK pa——= TEST MATERIAL 




















is vanadium content in each heat increased, the temper- 
\ ing time required also increased. This retardation of 
i, the softening rate according to Zimmerman, et al® is 

caused by the precipitation of the vanadium-rich 

= carbide which has low diffusivity, wide dispersion, 


and slow coalescence. 
Fig. 1—Sampling of test blocks. 
Testing 
FABLE 2 SUMMARY OF HEAT TREATMENTS AND Thea alfa : . , cr “LLC- 
RESULTANT HARDNESSES The effect of vanadium content on the microstruc 
ture and high and low temperature mechanical prop- 


erties of a 1Cr-1Mo steel was determined. The tests 





, 
Identification 











\ Heat Treatment Hardness, BHN 
employed were as follows: 
267 30-1075 C (1877-1967 F 2 207 
10 Ley es) e00 - rit ae Bh sad 12 br i 1. Metallographic. 
4 as i* ( ° = 
9671-9 1030-1075 C (1877-1967 F) for 12 hr 217 2. Room temperature tensile (Heat 2759 only). 
0.22 _ 690 C (1274 F) for 15 hr 3. V-notch Charpy impact (transition curves ). 
2671-10 1030-1075 C (1877-1967 F) for 12 hi 2920 { Par: ter r tt a 
0.29 690 C (1274 F) for 33 hr ~ hpatbenenaen el! rup ure. : 
9759-1 1050-1080 C (1922-1976 F) for 12 hr 229 5. Constant load creep (0.54 per cent V mate- 
0 9 3 690 » 1274 F) for 4] hr rial onlv > 
2759-2 1050-1080 C (1922-1976 F) for 12 hr 230 ; 
0.30 690 C (1274 F) for 48 hr RESULTS AND DISCUSSION 
2759-5 1050-1080 C (1922-1976 F) for 12 hi 227 ; a a 
0.40 690 C (1274 F) for 33 hr Microstructure 
705 C (1301 F) for 30 hr “ne . , ; . 
2759-6 1050-1080 C (1929-1976 F) for 12 hr 298 The results of metallographic examinations made 
0.54 705 © (1301 FY for +f on material cut from each of the test blocks investi- 
705 C (1301 F) for 30 hr ‘ a i i a ee ae : 
9759-6-11 1130 C (2066 F) for 6 hr gated are shown and described in Figs. 2-9. At 100 
0.54) 690 C (1274 F) for 15 hr the structures of all but the 0.02 per cent vanadium 
block (Heat 2671) were bainitic and essentially free 
; “} « ats ‘ > ; » T » 9 s ye) } ‘ N fp > 
\ me ies a eT rr of primary ferrite. The 0.02 per cent block showed less 
A ~ ia ae . x mass 4 Ee '- -» ‘ 5 ¢ et Lu - 
- ‘4 ie ~~ = Nie <. ay ’ ” j oa * ae ~ ; : shy ‘ ‘ 
: ty N * SRY eH? ©: rg ee Sits } r , -- “ <. 4 ‘4 * oot nS 4 
Me eR AA. is 85s Se nd Ay 
AS FRB SRE Er? Q ys Whit Seka ® BARS LT Ey Re 
perias 4 Ms iY , ‘ . : Ce Sates 
os was : 


> & 7 ay 
oe is fp . 
ee a 
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Fig. 2—Test block 2671-6, 0.02 per cent vanadium, bainitic 
matrix with less than 5 per cent primary ferrite, A.S.T.M. grain Fig. 3—Test block 2671-9, 0.22 per cent vanadium, coarse 
size 2-3. 100x. bainite free of primary ferrite, A.S.T.M. grain size 1-2. 100. 


88 ° modern castings 
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than 5 per cent primary ferrite. The bainite in both 
heats changed with increasing vanadium content. 
Increasing the vanadium content of Heat 2671 from 
0.02 to 0.29 per cent, and Heat 2759 from 0.22 to 
0.40 per cent resulted in the formation of a finer 
bainite. Increasing the vanadium content of Heat 
2759 from 0.40 to 0.54 per cent, however, resulted 
in bainite coarsening. Strauss & Franklin* have found 
that the effect of vanadium on the type of bainite 
formed is determined by the undissolved vanadium 
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Fig. 4—Test block 2671-10, 0.29 per cent vanadium, bainitic 
and free of primary ferrite, A.S.T.M. grain size 1-2. 100 x. 
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Fig. 6—Test block 2759-2, 0.30 per cent vanadium, bainite 
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content as well as the dissolved vanadium content. 
Vanadium in solution tends to retard the transforma- 
tion of austenite (increasing ferritic hardenability), 
whereas undissolved vanadium tends to promote 
this transformation (decreasing ferritic hardenability) 

The grain size of these steels also varied as a func- 
tion of the vanadium content. The larger grain sizes 
were obtained with the 0.22 and 0.29 per cent vana- 
dium in Heat 2671, and the 0.40 per cent vanadium 
in Heat 2759. Increasing the vanadium content of 


4 ” \ 





3 tide wit . ~"LAR 3 é A AS » 
Fig. 5—Test block 2750-1, 0.23 per cent vanadium, bainite 
with A.S.T.M. grain size 1-3. 100 x. 





Fig. 7—Test block 2759-5, 0.40 per cent vanadium, bainite 
with A.S.T.M. grain size 1-2. 100x. 
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Fig. 8—Test block 2759-6, 0.54 per cent vanadium, bainite with 
A.S.T.M. grain size 2-4. Austenitized at 1050C (1922F). 100x. 
Heat 2759 from 0.40 to 0.54 per cent resulted in the 
production of a finer grain. It has been reported by 
Ziegler, et al® that undissolved vanadium carbides 
will restrict grain growth. 

It appears from the results of metallographic ex- 
amination that the maximum vanadium content solu- 
ble with an austenitizing treatment of 1050 C (1922 
F) for 12 hr is greater than 0.40 per cent, but less 
than 0.54 per cent. 

TABLE 3° — X-RAY RESULTS ON STEELS WITH 

VARYING VANADIUM (7 PER CENT HCL-ALCOHOL 

ELECTROLYTIC EXTRACTS) 








STEEL %V IN Fesc Mo4C V4 C3 
DESIGNATION STEEL (ORTHORHOMBIC) (HEXAGONAL) (CUBIC) 
2759- (o:4.528 0:2.970 & 
0.23 (b=5.078 & c=4.678 & -- 
(c=6.762 & c/a 1.575 
(o) (m) 
2759- (0:4.527 & a=2.962 R 
2 0.30 (b=5.096 & c:4.672 & 0:4.194 
(c:6.754 A c/o:1.577 
(a) (r) (m) 
2759- (0=4.538 & 0:2.961 & 
6 0.40 (b=5.047 & c=4.671 A 0:4.190 A 
(c:6.743 R c/a=1.578 
(0) (vr) (mo) 
2759- ( 
6 0.54 ( -- — 0:4.163 & 
{ (a) 


(0) DESIGNATES “ABUNDANT,” (m)"MEDIUM’ (r)"RARE® (v) "VERY" 





TABLE 4° — PARTITIONING OF CR, MO AND V 
BETWEEN MATRIX AND CARBIDES IN STEELS 
WITH VARYING VANADIUM 











Steel %V Observed Calculated % Carbides 
Designa- in Matrix Comp. Carbides Comp. in 
tion Steel Cr Mo V Cr Mo V_ Steel Type 
2759-1 0.23 0.92 0.66 0.13 15 22 7 1.44 FesC+Mo2C 
2759-2 0.30 0.96 0.50 9.12 923 9 2.06 FesC+ViCs+Mo2C 
2759-5 0.40 1.01 0.52 0.20 12 44 20 1.04 FesC+ViCs+MosC 
2759-6 0.54 1.09 0.51 0.15 4 38 31 1.24 ViCs 

Base Comp. 0.23 V 1.12 Cr 0.97 Mo 
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Fig. 9—Test block 2759-6-11, 0.54 per cent vanadium, bainite 
with A.S.T.M. grain size 1-2. Austenitized at 1130C (2066F). 
100x. 


At 1000x the carbide spacings appeared larger 
with increasing vanadium content. What appears to 
be a depletion in the amount of undissolved carbides 
is actually a replacement of the coarse iron carbides 
of iron (FesC) and molybdenum (MoszC) with the 
considerably finer carbide of vanadium (V,4C;).° These 
vanadium carbides have been resolved at magnifica- 
tions of the order of 10,000x by Beattie. The results 
of Beattie’s work on the x-ray diffraction of these 
carbides are summarized in Tables 3 and 4. 


TABLE 5 — SUMMARY OF ROOM TEMPERATURE 
TENSILE RESULTS 





Y.S. 
Identification TS. (0.02% O.S.) Elong. R.A. 
(%V) psi psi Je vy 
1Cr-1Mo® 88,600 62,600 20.0 56.7 
(0-0.05) 

1Cr-1Mo*® 101,000 80,500 20.0 55.0 

(0.15-0.20) 
2759-1 104,800 83,000 21.0 63.8 
(0.23) 110,000 88,000 19.5 61.8 
110,000 87,500 20.0 61.8 
Ave. 108,270 86,170 20.2 62.5 
2759-2 107,200 84,000 20.5 61.6 
(0.30) 106,800 84,000 20.5 61.8 
106,800 84,000 20.5 62.6 
Ave. 106,900 84,000 20.5 62.0 
2759-5 110,000 85,500 19.5 58.6 
(0.40) 109,000 83,500 20.5 58.1 
109,700 86,250 20.0 58.1 
Ave. 109,600 85,100 20.0 58.3 
2759-6 112,900 90,000 19.0 54.4 
(0.54) 109,500 88,500 19.0 57.8 
109,000 80,000 20.5 58.6 
Ave. 110,500 86,200 19.5 56.9 


* Ave. properties based on 10 recent basic electric heats 
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Room Temperature Tensile 


The room temperature tensile properties are sum- 
marized in Table 5. When tempered to a strength level 
of 110,000 psi, the yield strengths remained constant 
at 85,000 psi. The per cent reduction in area showed 
a slight decrease with each increase in vanadium 
content. The decrease from 62.5 to 56.9 per cent is 
not considered serious. 


V-Notch Charpy Impact 


The results of the V-notch Charpy tests are sum- 
marized in Table 6, and shown in the form of transi- 
tion curves in Figs. 10 and 11. Fracture appearance 
transition temperature as a function of vanadium con- 
tent is shown in Fig. 12. The points plotted for Heat 
2671 are the results of single-bar tests at each temper- 
ature. The points plotted for Heat 2759 represent the 
average of two bars. The energy transition temper- 
ature was based on 50 per cent of maximum energy. 
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TABLE 6 — SUMMARY OF V-NOTCH CHARPY RESULTS 









150 200 
(302) (392) 
TEMPERATURE , C (F) 


Temperature 


C 025 50 75 100 150 250 
fe 





Fk F 32 122 167 212 302 482 

Identification Transition 

(%V) Temp. F 
2759-1 Ft-Lb 7 7 18 17 62 109 117 210 
(0.23) %F.F.° 0 2 5 10 40 100 100 912 
2759-2 Ft-Lb 4711 2 $1 & O 210 
(0.30) °OF.F. 0 | 4 13 33 98 100 226 
2759-5 Ft-Lb 5 6 10 17 38 86 101 230 
(0.40) °-F.F. mt 5 § 235 92 100 242 
2759-6 Ft-Lb 310 14 29 41 81 86 210 
(0.54) %F.F. 1 3 5§ is 3&3 8 100 226 
2671-6 Ft-Lb 15 87 138 145 
(0.04) %F.F. 10 45 100 180 
2671-9 Ft-Lb 69 100 203 
(0.22) %F.F. 35 100 215 
2671-10 Ft-Lb 12 1T ‘To 357 203 
(0.29) %E.F. 3 20 45 100 226 
°F .F. — Fibrous Fracture 
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The fracture appearance transition temperature was 
based on 50 per cent fibrous fracture. 

Increasing the vanadium content of Heat 2671 from 
0.04 to 0.22 per cent increased the energy transition 
temperature from 638 C (145 F) to 98 C (208 F). 
The fracture appearance transition temperature in- 
creased from 82 C (180 F) to 101 C (215 F). Increas- 
ing the vanadium content of Heat 2759 from 0.23 to 
0.54 per cent showed little, if any, significant change 
in both the energy and fracture appearance transi- 
tion temperatures ( Fig. 12). 


Rupture 


The parameter (Larson-Miller’) rupture data is 
summarized in Table 7. The rupture curves for Heats 
2671 and 2759 are shown in Figs. 13 and 14, respec- 


tively. Figure 15 shows the effect of vanadium content 


on the 1000, 1050, and 1100 F, 100,000-hr rupture 
strength of the 1Cr-1Mo steel. Figures 13 and 14 
show that in each heat, as the vanadium content 


increased, the rupture strength increased. 

The 0.54 per cent vanadium steel with a 100,000-hr 
rupture strength at 1100 F of 17,000 psi approaches 
the rupture strength of wrought type 347 stainless 
steel (Fig. 15). 





Vanadium Effect on 1Cr-1Mo Cast Steel 


The 1000 F rupture ductility of Heat 2671 decreased 
considerably when the vanadium content was increas- 
ed from 0.04 to 0.22 per cent (Table 7). The increase 
from 0.22 to 0.29 per cent vanadium, however, showed 
little change. In Heat 2759 there was little if any, 
significant change as a result of increasing the vana- 
dium content from 0.23 to 0.54 per cent. The rupture 
ductilities were quite low in general. 
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Fig. 12—Fracture appearance transition temperature as a func- 
tion of vanadium content. 


TABLE 7 — SUMMARY OF PARAMETER RUPTURE DATA 











Material Hardness Test Temp. Time 
Heat No.—%V BHN . Hr. 
2671—0.04 207 1200 49 

1100 160 
1300 235 
1050 19 
267 1—0.22 217 1300 75 
1200 172 
1100 109 
1000 450 
2671—0.29 220 1300 186 
1200 162 
1100 16 
1100 190 
2759—0.23 229 1300 207 
1200 871 
1300 66 
1200 91 
1100 86 
2759—0.30 230 1300 284 
1200 190 
1100 29 
1100 193 
1300 126 
2759—0.40 227 1300 374-437° 
1200 486 
1100 146 
1200 163 
1300 74 
2759—0.54 228 1300 475 
1300 233 
1200 159 
1100 88 
1300 88 
ICr-IMo-3/4V® 237 1300 505 
1200 504 
1300 24 
1100 176 
1000 13 
1050 613 
1300 123 
1000 976 
2759—0.54°° 233 1250 626 
1200 247 
1100 321 
1350 76 
1200 58 
*Clock broke 


*°1130C (2066 F) Aust. Treat 


*°°Double neck 


M Stress, psi Elong. R.A, Type of 
x 10°3 x 10°38 % % Fracture 
36.0 19 23.0 59 » I 
34.6 28 13.0 34 7 I 
39.3 7 22.0 87 x I 
32.1 10 16.0 80 T I 
38.4 12 6.0 13 + 3 I 
36.9 19 4.5 iS) = I 
34.3 35 9.7 37 5 i I 
33.0 45 12.0 63 3 I 
39.1 10 7.4 33 w I 
36.8 93 5.5 10 ‘ I 
33.0 38 12.0 72 7 I 
34.7 35 4.3 18 a I 
39.2 10 14.0 72 = I 
38.0 23 5.6 17 YY I 
38.3 14 3.3 6 7 I 
36.4 25 8.5 35 T I 
34.2 38 7.6 39 zi I 
39.5 10 16.0 71 x I 
36.9 25 5.8 14 T I 
33.4 40 11.0 52 T I 
34.7 36 3.8 19 T I 
38.8 14 Law 28 T I 
39.7-8 10 8.9 45 i I 
37.6 95 8.1 18 i I 
34.5 7 SH 18  Y I 
36.8 28 6.7 22 ‘y I 
38.4 18 4.9 22 sj I 
39.8 10 10.1 4] (3 I 
39.3 14 8.4 54 . I 
36.8 30 5.9 32 Bf I 
34.2 40 rf 30 3 I 
38.6 20 7.8 42 z I 
39.9 10 8.0 63 ‘4 I 
37.6 22 6.7 27 T I 
37.6 16 18.0 72 T I 
34.7 35 5.9 26  Y I 
30.8 47 11.0 64 ‘ y I 
34.4 40 4.1 15 yy I 
38.8 15 12.0 62 T I 
33.5 40 3.7 6.4 ¥ I 
38.9 15 2.2 17 ey I 
37.1 25 2.0 6 ya I 
35.1 43 1.4 2 y I 
39.5 11 tas 23 4 I 
36.1 32 1.9 2 ey I 
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L. D. Tote and R. S. Zeno 


It it indicated in the literature by Thielemann* 
and others that with these low alloy ferritic steels, 
increasing the austenitizing temperature tends to in- 
crease the rupture strength and decrease the rupture 
ductility. Figure 16 shows the comparison of the rup- 
ture strength curves of the 0.54 per cent vanadium 
material austenitized at 1050 C (1922 F) and 1130 C 
(2066 F). Note the larger grain size of the material 
austenitized at the higher temperature (Figs. 8 and 9). 

Contrary to what has been reported, both the rup- 
ture strength and rupture ductility decreased as a 
result of the increase in austenitizing temperature. 
One possible explanation for this decrease in rupture 
strength appears evident. Increasing the austenitizing 
temperature resulted in a change in the mode of 
fracture of the material (Table 7). The material aus- 
tenitized at the lower temperature ruptured in a 
transcrystalline-intercrystalline manner, whereas, the 
material austenitized at the higher temperature rup- 
tured along an intercrystalline path. This indicates 
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Fig. 13—Rupture curves for test blocks from heat 2671. 
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that in increasing the austenitizing temperature the 
strength of the grains relative to the grain bounda- 
ries has been increased. 

The strength of the grain boundaries has decreased 
to a level below that exhibited by the grains after the 
1050 C (1922 F) austenitizing treatment. It appears 
that the effect of changes in microstructure produced 
by increasing austenitizing temperatures can and will 
offset the beneficial effect of vanadium on the rup- 
ture strength of these steels. Walker® observed the 
same effect of austenitizing temperature in a study 
of a 1Cr, 1Mo, 3/4V cast steel. 
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Fig. 14—Rupture curves for test blocks from heat 2759. 
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» S&S — SUMMARY OF PARAMETER CREEP 
ON 1Cr-1Mo-1/2V CAST STEEL 





Test Stress 
Hardness Temp. Time M psi, Elong 
BHN I Hr } x 10-% mils 


228 1200 =610 i 10 0.1 
1200 1600 10 0.2 
1200) «©2500 10 03 


1150 475 20 0.1 
1150) )=—-1400 7 20 0.2 
1150 2250 7 0 03 


1250 500 0.1 
1250 1200 } 0.2 
1250 1780 7 0.3 


1100 20 3.2 0.1 
1100 S00 ; 02 


1100 890 35.7 0.3 





Cree p 

The parameter (Larson-Miller‘) creep data is sum- 
marized in Table 8. The creep stresses required for 
l-, 2-, and 3-mil plastic strain for the 0.54 per cent 
vanadium steel are shown in Fig. 17. Included for 
comparison is l-, 2- and 3-mil plastic strain scatter- 
band data for wrought type 347 stainless steel. Note 
that the 0.1, 0.2, and 0.3 per cent (plastic strain), 
100,000 hr creep strength at 1050 F (M 37,800) 
approaches that of wrought type 347 stainless steei. 
At higher parameter numbers the creep strength of 
the 0.54 per cent V steel rapidly falls off. 


CONCLUSIONS 
The following effects were observed when step ad- 
ditions of vanadium were made to heats of 1Cr-1Mo 
(Heat 2671) and 1Cr-1Mo-1/4V (Heat 2759) steels 
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Vanadium Effect on 1Cr-1Mo Cast Steel 


raising the vanadium content from 0.04 to 0.29 per 
cent, and from 0.23 to 0.54 per cent, respectively. 
There was a significant increase in the rupture 
strength at the higher parameter numbers 
\l 36,000 to 39,500 
Increasing the vanadium from 0.04 to 0.22 per 
cent lowered the rupture ductility. Further increases 
in the vanadium content from 0.23 to 0.54 per cent 
did not change the rupture ductility 
3. The tensile and yield strengths appeared unat- 
fected as a result of increasing the vanadium content 
trom 0.23 to 0.54 per cent 
4. Increasing the vanadium content from 0.04 to 
0.22 per cent increased the energy and fracture 


ap- 
3 


pearance transition temperatures approximately 5 
and 19 C, respectively. Increasing the vanadium con- 
tent from 0.23 to 0.54 per cent showed little, if any, 
significant change 

The bainite became finer with vanadium addi- 
tions to 0.40 per cent. Bainite coarsening resulted 
with the 0.54 per cent vanadium content 

The grain size increased with vanadium addi- 
tions to 0.40 per cent. The grain size again became 
smaller with the 0.54 per cent vanadium 

7. The coarse carbides of iron (FesC) and molyb- 
denum (Mo.( 
carbide V,C 

8. A nominal 1Cr, 1Mo, 0.5V cast steel has a 1100 
F, 100,000-hr rupture strength approaching that of 
wrought type 347 stainless steel. 

The 0.1, 0.2, and 0.3 per cent (plastic strain 
100,000-hr creep strength at 1050 F (M 37,800 
approaches that of wrought type 347 stainless steel. 
At higher parameters the creep strength of the 0.54 
per cent V steel appears to fall off. 

When this paper was written, the authors included 
information and expressed opinions believed to be 
correct and reliable. Because of the constant advance 
of technical knowledge, the widely differing condi- 
tions of possible specific application, and the possi- 
bility of misapplication, any application of the con- 
tents of this paper must be at the sole discretion 
and responsibility of the user. 


are replaced by the finer vanadium 
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Technical Council Outlines 
Plans for Future Activities 





\ dona of AFS technical activi 
ties for 1958-59 and coordinating 
of the 63d Castings Congress techni- 
cal program with the 2d Engineered 
Castings Show were discussed exten- 
sively at the Technical Council meet 
ing held June 6. 

Each division will sponsor at least 
two Congress papers directed toward 
design engineers and purchasers of 
castings. In addition two men from 
each division will comprise a commit- 


meetings last year. Has 14 papers 
available for 63d Castings Congress 
including three on casting design. 

Gray Iron—Has 12 active commit- 
tees. Soliciting more Convention pa- 
pers from foundries. 

Light Metals—Had largest program 
in history at 1958 Convention. Has 
papers available on casting design 
tor 1959 Convention. 

Malleable—Most committees have 
research projects. 


Technical Council meeting held during June in Chicago. Seated at table: E. A. Welander, F. W 
Jacobs, L. J. Pedicini, E. C. Zirzow, A. J. Kiesler, H. W. Ruf, C. W. Gilchrist, C. W. Ray, S. C 
Massari, J. S. Vanick, L. H. Durdin, H. W. Lownie, Jr., J. S. Schaum, O. C. Bueg, A. H. Rauch, 
C. E. Westover, R. J. Keeley, R. B. Fischer, R. P. Dunn, J. P. Holt, J. F. Roth. Standing: D. L 


Colwell, D. L. LaVelle, Wm. W. Maloney 


tee to prepare a representative in- 
dustry-wide castings exhibit for the 
Show. 

The Technical Council, composed 
of Chairmen and Vice-Chairmen of 
each of the Society’s divisions and 
general interest committees, also re- 
viewed the tentative 1959 Conven- 
tion program for approval and sug- 
gestions. Technical Council Chairman 
James S. Vanick presided. 

Each division and general interest 
committee reviewed its 1957-58 pro- 
gram, reported on future plans and 
made requests for funds necessary 
to continue its research projects. 


Division Reports 


Summary of division and committee 
reports: 
Brass & Bronze—Division held two 


Pattern—Division has new officers. 
Chairman, O. C. Bueg; Vice-Chair- 
man, J. M. Kriener; Secretary, R. L. 
Olson. New pattern color chart will be 
published soon in MopERN CasTINGs. 

Sand—Division, largest in Society, 
has three members at large to help 
Chairman and Vice-Chairman carry 
out duties. Division is preparing 
three books. 

Steel—Urged cooperation with oth- 
er technical societies in conducting 
programs. 

Die Casting and Permanent Mold- 
ing—Preparing bibliography on perma- 
nent molding. Promotion campaign 
being prepared to acquaint die casters 
with AFS. 

Cupola Advisory Committee—W ork- 
ing on tuyere design, particularly wa- 
ter-cooled protruding type. 





National News 


Dr \ Dewey Annakin Indiana AFS General Manager Wm. W. 
State College, Terre Haute, Ind Maloney and Curtis C. Fuller out- 
Friday's program was conducted lined the AFS Buyers Directory 
at the Hotel Sherman starting with a scheduled for publication in 1959. 
buffet breakfast. T&RI Director S. C. Questions accumulated during the 
Massari gave an explanation of the 2-day meeting were answered at the 
Training & Research Institute pro “shakeout” session by President Dur 
gram. A 4-man panel discussed how din and Staff members. The 
chapters can build better programs 


Regional 


program 
was concluded with a getaway lunch 
administration meetings eon 

were outlined by President Durdin National Directors attending: David 
and Chapter officers participated in a W. Bovd, Engineering Castings, Inc., 
visioneering session on the subject of Marshall, Mich.; Richard R. Deas, 
“What should AFS be doing five Ir.. Hamilton Foundry & Machine 
ve from now that is not doing Co., Hamilton, Ohio; Jake Dee, Dee 
today?” Brass Foundry, Houston, Texas; Wm. 


Chapter Officers 
Visit Headquarters 


; 


mutual chapte1 prob 
the work sh yp me thod each session covering membe rship 
igh successful at the 15tl technical services, MOpERN ( 
( hapter Officers Conference iINGS, SH&AI ictivities and educa 
une 12-13 at the AFS Head ional programs. The relatively small 
Des Plaines, II] nd the iz f tl rroups and 


ian, ¢ hic ago t! spl I le d to extensive discus 


urty minutes were devoted to 


ASI 





the informal 


of mutual problems with the 


in 100 Chapter Chain | 


| I i rhe 
1 
hairmen and other officers iff members 


rees were provided with in Sessions were held Thursday morn 
ing and afternoon at the Central of 
ind an outside buffet luncheon 
served. A critique of the day’s 
activities was conducted by AFS Pres an —_— 
aartments. Staff members out ident L. H. Durdin. After returning MODERN CASTINGS work shops were handled by Editor J. H. Schaum 
heir department activities and by bus to the Hotel Sherman for Saetae © Si Rea. Cees hy Segre 
d how chapters could bette: Annual 


| kits containing pertinent dat 
Divided into hee 
He adquart rs tn Was 


functions of the variou 


left) and Advertising 
acquainted Chapter Officers with the editorial 
nd advertising activities of the magazine 
Dinner the men heard : : 


nal . “hi 
services of the Society ilk on Backdrop for Survival” by ; 








SH&AP Director H. J. Weber briefed foundrymen on the latest in air pollution legislation and 
workmens compensation laws pointing out that assistance 
on matters affecting foundries. Keith L. Potter, AFS Staff 
sessions. 


AFS Technical Director $. C. Massari outlines the plans and policies of the 


technical program 
in the library 


Chapter Officers are referring to kits containing pertinent data on all phases of 


is available from the Central Office 
Merle Hansen of the technical department takes down questions for discussion 


acted as secretary for the SH&AP 
AFS operations 
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National News 






Chapters; Staff Discuss Ways of Improving Services to Members 


Dunn, Oberdorfer Foundries. In¢ 
Syracuse, N. Y.; Herbert Heaton. 
Mainland Foundry Co., Ltd... Vancou- 
ver, B. C.; Webb L. Kammerer. Mid 
vale Mining & Mfg. Co.. St. Louis 
Fred J. Pfarr, Lake City Malleable 
Co., Cleveland; John R. Russo. Russo 
Foundry Equipment Co., Oakland, 
Calif. 







Banquet speaker Dr Annakin 





aN 
Ay 


President L. H. Durdin, shown in center of table, presided at 2-day meeting. With Durdin are 





—— 


Regional Vice-President John R. Russo (left) and AFS Safety, Hygiene and Air Pollution Director 
H. J. Weber. The conference provided an additional opportunity for Regional! Vice-Presidents and 
National Directors to discuss chapter problems with the AFS Staff and Chapter Officers 





Mor 


re than 100 foundrymen attended the 15th Annual Chapter Officers Conference, the first held 
the National Headquarters in Des Plaines, Ill. Conferrees approved holding the meeting at the 
Central Office and the work shop method of participating in a study of the Society's activities 








' 





Genuine interest is reflected in faces of chapter officers attending a Modern Castings session 
Shown in the background is AFS General Manager Wm. W. Maloney who with President Durdin, 
center rear) and AFS Vice-President C. E. Nelson sat in on each of the five workshops. Questions 
which were not answered during the group mee gs were discussed at a Friday “‘shakeout 


session held at the Hotel Sherman in ¢ n icago 
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3d Annual Foundry Instructors Seminar 


Vocational Teachers Learn Latest in Foundry Developments 


oe Fou l nd patt nmakir Z in- 
w structors at high schools and vo 
it ' scl s leart d about the 
t ‘ ments at the 
\ | Instructors Sem 
| j-2 it Case Inst 
t Te vg Cle el d 
\ \ ‘ 11] sch truc 
i upervisors ! I 
St { 1 | 
gest numbe t te 
ram cluded te } 
# curricul S ) 
‘ ilities g 
r ] ipp! t is 
gy. caret Pp] es 
found spection trip 
\\ $ s were used for t S 
SIX I topics sel | 
he Se by those atte 





Casting display attracts four vocational in- 
structors. Left to right are John F. Dix, 
Schurz Hi3zh b hicago; Lloyd M. Fra- 
tier, Chester High Vocational Dept., Chester 
Pa.; leo J. Gardner, Birmingham High School 
Birmingham, Mich.; and leo F. Kubacki, Lib- 
bey High School, Toledo, Ohio 


Plant Layout for Industrial Arts, 
James J]. Schwalm, Federal Foundry 
Supply Co., Div. Archer-Daniels-Mid- 
land Co., Cleveland. 

Rau Materials for the School 
Foundry, Burton L. Bevis, Caterpil- 
lar Tractor Co., Peoria, III 

Projects and Patterns, Donald C. 
Hartman, Cove Pattern Works, Cleve- 
land 

Sand Conditioning, Norman J. 
Stickney, Sand Products Corp., Cleve- 
land 

Cast Metals in the General Shop, 
Prof. John Wallace, Case Institute of 
Technology, Cleveland. 

Melting Non-Ferrous Metals, Mi- 
chael Chipka, Gluntz Brass & Alumi- 
num Foundry Co., Cleveland. 

Workshops were conducted Thurs- 
day evening with reports presented 
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, 
Friday morning 


What the uture lds tor cast 
ind vocational training was discussed 
by Dewey Barich, Detroit Institute 
t Pechnol c\ Detroit | hn P 


Walsh. | S. Office of Education, 





r t os ele s we seco 
y 3 a $ 7 wes e of tr el4 
Maloney explains AFS activities. Also at speaker 
Educat Divis Chairman Burton L. Bevis 


W ishingt m ED Gi: and | H. Den- 
nen, Beardsley & Piper Div Petti- 
bone Mulliken Co., Chicago 

Barich spoke on Cast Metals in 
Industrial Arts and Vocational Edu 


cation Instruction covering interests 


applications, opportunities and objec- 
tives Walsh in vutlining Technical 
Training for Tomorrow pointed out 
the role of educational institutions in 


meeting manpowe! needs and new 
opportunities ahead. Dennen present- 
ed a film, Education and Our In 
dustry’s Survival, emphasizing — the 


need for creating public interest in 


the casting industry and training op 


a 


a od | 


portunities available 





{ 


Frank Cech, (center) head of patternmaking 
division, Max S. Hayes Trade School, Cleve- 
land, discusses schoo! projects with Willard 
J. McCarthy (left) Illinois State Normal Uni- 
versity, Normal, Ill. and Jim L. Ewen, Normal 
Commercial High School, Normal, Ill 


who served as Semina 






The importance of research and 
casting quality were highlighted by 
Prof. John Wallace, Case Institute, 
ind Clyde A. Sanders, American Col- 
loid Co., Skokie, Ill. Wallace in cov- 
ering New Casting Developments 


™ 


= r 


schools and local foundry interests through 
the Seminar. AFS General Manager Wm. W. 
ble are AFS Vice-President C. E. Nelson and 
r Co-Chairmen 

brought out industry's use of new 
materials and methods and applica- 
tion of new alloys and metals. Sand- 
ers presented an_ illustrated lecture 
featuring casting losses as associated 
with human errors 

Crucible Melting and Care was pre- 
sented by Vaun ( Stocker, Joseph 
Dixon Crucible Co., in which cruci- 
ble selections and melting procedures 
applicable to school training pro- 
grams was emphasized. Safety in the 
School Shop was explained by H. J. 
Weber, director, AFS Safety. Hygiene 
and Air Pollution Control, in which 
he stressed the importance of safety 
education, danger points and com- 
munity responsibility 

AFS Education Division plans and 


activities were discussed. The AFS 


Training & Research Institute was 
explained by R. E. Betterley, T&RI 
Training Supervisor who covered the 
training provided by the Institute. 
AFS General Manager Wm. W. Ma- 
loney outlined functions of the So- 
ciety, technical committees, research, 
publications, conventions, exhibits and 
future plans. 

A panel discussion was held on 
AFS & Education dealing with na- 
tional, local and industrial assistance 
to school programs, available litera- 
ture, and facilities needed. 

Cleve H. Pomeroy, National Mal- 





leable & Steel Castings Cx Cleve- 
land, was the featured speaker at 
the Friday banquet speaking on Edu- 
cation for Foundrymen 

The Seminar is sponsored by the 
Foundry Instructors Seminar Commit- 
tee of the Education Division, R. A. 
Oster Chairman. B. L. Bevis, chair- 
man of the Education Division and 
AFS Vice-President ( E Nelson 


served as Seminar Co-Chairmen 


Thanks from Instructor 


@ The following letter appeared in 
the June 27 issue of the Erie Daily 
Times. Instructor Jordan’s expenses 
were paid by the AFS Northwestern 
Pennsylvania Chapter. 

I have recently returned from the 
Foundry Instructors Seminar that was 
held in Cleveland at the Case Insti- 
tute of Technology and which was 
sponsored by the American Foundry 
men’s Society 

My expenses were underwritten 
by the Northwestern Chapter of this 
technical organization and I should 
like to publicly thank them for the 
opportunity. This was a very inten 
tive course and the benefits that 1 
have gained will be reflected in my 
teaching 

I wish to commend the American 
Foundrymen’s Society, especially the 
Northwestern Chapter, for its pro- 
gressiveness and unfailing efforts in 
aiding the foundry instructor in any 
way possible 

JAMES N. JORDON 

Metalworking Instructor 

Me morial Junior High School 
Erie, Pa 


©) OFFERS MEW THE CrPe 


Seminar drew students from United States, 
Canada and Indonesia. Indonesian represent- 
ative Soekarsono examines castings with M. 
Cauchy, Hull Technical School, Hull, Quebec, 
Canada; and Andrew A. Bottoni, Milwaukee 
Vocational and Adult School, Milwaukee. 











T&RI Sand Course Places 
Emphasis on Equipment Use 


@ Basic testing methods and equip 
ment for determining sand properties 
and variables and application of con 
trols were presented at the AFS 
[raining & Research Institute Sand 
Testing Course conducted June 2-6 
at the Harry W. Dietert Co., Detroit. 

The course prepared for sand tech 
niclans, foremen, supervisors, train 
ees and sand suppliers consisted of 
lectures, demonstrations and actual 


ft testing and control instru 


LIS¢ 


ments by enrollees. Emphasis was 


placed on the operation of equip- 
ment 


, 
Inc lude d lm course were sessions on 
Base Properties, Molding Sand Prop 


air set and dry strength and sand 
control records. 

Hot Prope rties included sessions on 
hot compressive strength hot defor 
mation, retained strength, gas evolu 
tion test and « xpansion, 

Core Sand Testing included how to 
prepare a core sand mix, green prop 
erties, preparing specimens for baked 
properties tensile test transverse 
test and bakeability test methods 

Shell Sand Testing Methods in 
volved mixing, curing, strength tests 
and hot deflection. 

A tour was made of the Cadillac 
Motor Car Division, General Motors 
Corp. Included were the production 








nonstration hot-deformation test for shel 
or 


t { story, Detroit. Left to right 


Dietert sand lat 


ert Cone, Chambers, Bering, Quinlan Co., Decatur 
neering Co., Chicago; Richard C. Sheffel, Bellrose 


on creep—deformation tester at the H. W 


uctor Victor Rowell, H. W. Dietert Co.; Herb- 


lll.; Instructor Ted Linabury, National Engi- 
Sand Co., Ottawa, Ill; John R. McMahon, 


Bucyrus-Erie Co., South Milwaukee, Wis.; Richard E. Ortengren, Booty Resineers, Div. American 
Marietta Co., Newark, Ohio; Hugh J. Hennessy, Karbo Bronze Foundries, Inc., Brooklyn, N. Y 


Instructor Ray Daksiewicz, H. W. Dietert Co 


erties, Hot Properties, Core Sand Test 
ing and Shell Testing Methods. 
Among the subjects covered in 
Base Properties were methods of de- 
termining the percentage of clay sub- 
stance and grain fineness, grain shape, 
sintering and combustion tests. 
Molding Sand Properties consisted 
of lectures and demonstrations on de- 
veloping green properties including 
mixing, moisture and_ permeability 
tests, strength and deformation tests, 
flowability and rammability, density, 


Jay E. Blanke, M. A. Bell Co., St. Louis 


line, foundry and assembly plant. 
Instructors for the course included 
Victor M. Rowell, Ray Daksiewicz 
and Jess Toth of Harry W. Dietert 
Co., Wayne H. Buell, Aristo Corp., 
Detroit; and Ted Linabury, National 
Engineering Co., Chicago. 


1951-1957 indexes . of MODERN 
CASTINGS available for each of the 
seven years. Cross references by sub- 
ject, author and company pinpoints 
the issues you need for reference. 


National News 








1958 T&RI Courses 


Sand Control Technology Aug. 11-15—Detroit 
Lecture course tor foundrvmen hav ng had SOT yperience ith sand 
testing control and technology. Pre requisite; Sand Testing course o1 
equivalent experience. Registration fee $65 

Patternmaking Aug. 1LS8S-20—Chicago 
Lecture and demonstration, Course fol patter vaiker foremen, su 
pervisors, trainees purchaser I ishings upplier nd management 


Registration fee $40 


Industrial Environment Sept. S-12—Chicago 


Demonstration and lecture course on in plant en nmental problems 
and safety. Appropriate for foremen, supervisors, ¢ ieers, Safety men 
and top management. Registration fee $65 

Metallography of Non-Ferrous Metals Sept. 15-17—Chicago 
Lecture course for melters, supervisors, foremen, foundry engineers 
researchers, laboratorv technicians metallurgist ind design engineet 


Registration fee $40 


Industrial Engineering Sept. 15-19—Milwaukee 


Lecture and work shop course on better standard nad st control 


Rating and motions and time study techniques. Registration fee $125 


Product Development Sept. 24-26—Chicago 


Lecture course on product analysis from design to mark« ting of finished 
castings. Schedule d for foundry engineers sale § engineers, ter hanvic 1ains 
supervisors, metallurgists and management. Registration fee $40 

Air Pollution Control & Legislation Oct. 1-3—Chicago 
Lecture course covering the laws and interpretation, problems, sug 
gested solutions and the drafting of ordinanci from the foundry 
standpoint. Registration fee $40. 

Gating & Risering of Ferrous Castings Oct. 27-31—Chicago 
Lecture course on the problems relating to gating and risering. In 
tended for foremen, technicians, foundry engineers, supervisors, in 
dustrial engineers and production and quality control personnel 
Fee $65 


Foundry Plant Layout Nov. 10-12—Chicago 
Lecture course on problems of rehabilitation or building of new plants. 
Intended for foremen, supervisors, industrial and production engineers 
and management. Registration fee $40. 


Advanced Industrial Engineering Dec. S-12—Milwaukee 
Work sampling, rating practices, quality control including uses of 
motion pictures in these phases. Registration fee $125. 


*Courses originally scheduled for other date 
Payment of tuition fees should accompany enrollment application. Make reservations only 
with Director, AFS Training & Research Institute, Golf & Wolf Roads, Des Plaines, Ill 


Tel VAnderbilt 4-0181 
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nm, International 


J. H. King Named mere ; : idrv Defects, In 
as New Director | 


mdrvyv Dictionary ol « D b 
cae graidh AFS Seeks Basic Data by 
° * 

ee | Sponsoring 13 Projects 
sig 7 a ' . A B Everest @ Thirteen research projects are being AFS-sponsored during 1958-59 
Ont ite - fiscal year. Six of the projects are being conducted by the Sand Division, one 
: Becomes AFS IS sponsored jointly with the American Welding Society, one by the Heat 
Representative 


rranster Committee, and one each by the Gray Iron, Brass & Bronze. Light 
Metals, Malleable and Steel Divisions. 

@ i) \ B Everest development 

ficer. Mond Nickel Co. I td Lon 


: 1 
England has been named as 


International Commi 


lechnical Association 


The research projects 


Study of the Theory of Gating and Risering of Gray Iron and Its Practical 
Application—by Gray Iron Division, at Case Institute of Technology. 

Pressure Tightness in 85-5-5-5 Bronze Castings—by Brass & Bronze Division, 
at University of Michigan 

Thermodynamics of Casting Solidification, by Light Metals Division—project 
being financed by Ordnance Corps, U.S. Army, at Battelle Memorial 
Institute 

A Study of Increased Section Size of Malleable Iron Castings Produced Free 
of Graphitic Carbon — by Malleable Division, at University of Wisconsin. 

Physical Properties of Steel Foundry Sands at Elevated Temperatures—by 
1is attention to nickel. For the past Sand Division, at Locomotive Finished Material Co., Atchison, Kans. 

30 vears he has been associated with Fundamental Heat Transfer Problems Involved in the Castings Industry— 

Mond Nickel Co development by Heat Transfer Committee, at Columbia University. 

Mf alloy and special cast irons and Developing Test Standards Applicable to Shell Molding Sands—by Sand 

Division, Shell Mold & Core Committee. 

The Development of Acceptable Welding Techniques for Application on 
Gray lron, Nodular and Malleable Iron—by Joint AFS Committee and 
American Welding Society. 

Determination of the Factors Involving Metal Penetration in Mold Surfaces 
—by Sand Division, Mold Surface Committee. 

Segregation in the Handling of Dry Molding Sands—by Sand Division, 
Grading, Fineness and Distribution Committee. 

Correlation between Casting Surface and Hot Properties of Molding Sands 

by Sand Division, Physical Properties of Iron Foundry Molding Materi- 
als at Elevated Temperatures Committee. 

Development of Core Bakeability Tests—by Sand Division, Core Bakeability 
Test Committee. 

Fundamental Study of Cause & Elimination of the Snotter Defect in Steel 
Castings—by Steel Division. 


uropean representative suc- 
i | i l 
} 
mt wh died 


from Birmingham 
rest obtained his 
PhD deg for search on alumi 
num in cast iron and then turned 


recently with ductile iron. 


J. H. King 


King was born in Toronto and has 
been associated with Archer-Daniels 
Midland Co. since 1939, starting as 


a salesman and later rising to sales 





manager, vice-president and becom 
ing president in 1958 








He has presented many talks on 
practices and principles of coremak 
ing in Canada and the United States 
During 1949-50 he served as Chair 
man of the Ontario ¢ hapter 


1959 Apprentice Contest 
has Earlier Closing Date 


@® Apprentices entering the 1959 
Robert E. Kennedy Memorial Appren- 


Dr. A. B. Everest 


Two Represent He has given lectures and techni 


cal papers in Europe and the United winners in each division will have 


their round-trip travel expenses paid 


States d fo ork fi the fo Ir 
AFS at 25th aged Bags Bese dhe Oliver 


International 


@ AFS Director Richard R. Deas 
Ir.. Hamilton Foundry & Machine 
Co., Hamilton, Ohio and AFS Euro- 
pean representative Dr. A. B. Ever- 
est, Mond Nickel Co. Ltd., London, 
England, have been named as off- 
cial AFS representatives to the 25th 
International Foundry Congress. The 
Congress will be held Sept. 29-Oct. 3 
in Brussels and Liege, Belgium. 
Among the sessions to be attended 
will be the International Committee 
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Stubbs Gold Medal of the Institute 
of British Foundrymen and the Gold 
Medal of the French Foundry Asso- 
ciation. 

In 1955 Dr. Everest was elected 
president of the Institute of British 
Foundrymen and presided over the 
International Foundry Congress held 
during 1955 in London. Subsequent- 
ly he was elected president of the 
International Committee of the Found- 
ry Technical Associations and in that 
capacity was International President 
of the International Congress held 
during 1957 in Stockholm, Sweden. 


tice Contest are reminded that all 
entries must be received by March 16, 
1959 or three weeks earlier than in 
1958. 

The earlier closing date results 
from the 1959 Convention being held 
during mid-April rather than in May. 

No major revisions have been made 
in the 1959 contest which opens Oct. 
1, 1958. Competition will be held in 
wood patternmaking, metal pattern- 
making, steel molding, gray iron mold- 
ing and non-ferrous molding. 

National winners will receive $100 
for Ist place, $75 for 2d place and $50 
for 3rd place. In addition the first two 


to and from Chicago. 
Eligibility 

Any apprentice, learner or trainee 
in the metalcasting industry who has 
not had more than five years pattern- 
making experience, nor more than four 
years molding experience is eligible 
to enter. 

Membership in the American 
Foundrymen’s Society, either by the 
contestant or his employing company, 
is not required. The amount of appren- 
tice training or other training com- 
pleted has no bearing on eligibility 
and is not considered in the judging. 





’ 


5 ‘ oo: ew ; ke ' s ee a Twin City Chapters 
ha ah ss Features Quality Control 
(aT OAS + Quality control for the small foun 











2 dry was discussed at the May meeting 
by ]. A. Westover, Westover ¢ orp 
Milwaukee. Figures were cited to 




















show that customers place quality 











ahead of price and service as a factor 





in purchasing castings. Westover re 
Tennessee Chapter Conducts Ladies Night Program ommended that one person be respon 
: ‘ sible for all quality control having as 
his responsibility the checking of new 
patterns and sample castings and 
establishing gates and risers for pat 
terns 
Slides were shown demonstrating 
dimensional, visual, physical, chemi 


cal, x-ray and pressure inspection. 


J. David Johnson 


Mueller Corp. employees at Tennessee Ladies Night: Mrs. Jack Pope, Mr. and Mrs. Autry Fant, Mr 
and Mrs. Edgar Brandt, Mrs. and Mr. John Harp. 





Plant visit to the Philadelphia Coke Co. plant 


was included in the Philadelphia Chapter’s 
Combustion Engineering Co. representatives at Tennessee May meeting: Mr. and Mrs. Albert Hicks educational program conducted annually. The 
Mrs. and Mr. Milton Marks, Mrs. and Mr. Glenn Franklin, Mrs. and Mr. Henry Short course provided a practical knowledge of 


sand casting to foundry employees not di 
rectly connected with molding or coremaking 
It included green sand molding with various 
types of patterns, coremaking, melting, pour 
ng and handling of metal. Plant visitations 
lectures and demonstrations were included 
Shown in first row on left are F. D. Miller and 
H. DeHoll of Philadelphia Coke Co. On far 
right is Ed Saks, Instructor, Murrell Dobbins 
Vocational Technical Schools where the classes 
were conducted. E. X. Enderlein, Philadelphia 
Educational Committee Chairman is shown in 
the second row, far right—E. C. Klank, Leo 
Houser 


f 





Crane Co. employees at Tennessee Ladies 
Night: Mr. and Mrs. Al Kitzman, Mr. and Mrs 
Frank Jandrlich 









Robert J. Mulligan incoming Twin City Chair- 








man (right) receives gavel and congratulations Philadelphia Chapter Education Committee 
from retiring Chairman John Uppgren. Upp- Chairman E. X. Enderlein, H. G. Enderlein & 
gren is foundry manager, Northern Ord- Co., Philadelphia, congratulates James E. Gift 
Mrs. Edgar Brandt accepts prize from Chair- nance, Inc., Minneapolis. Mulligan is super- Jr., Ist place winner in the steel molding 
man Jack Austin at Tennessee Ladies Night. visor of foundry research, Archer-Daniels- division of the Robert E. Kennedy Memorial 
—Carl A. Fischer, Jr. Midland Co., Minneapolis. Apprentice Contest.—E. C. Klank, Leo Houser 








Central New York 
New Core Processes 


8 Various core processes were ex 
] 


plained at the May meeting by A. 
Dortmueller, Ji Archer-Daniels 


Midland Co. Advantages and disad 
ntages were covered for shell 
uir-setting s-setting and oil sand 
res 
Dortmueller demonstrated a gas 
etting proce Lid to require i setting 
time of five seconds or less with a 
tensile strength of 300-500 psi. Several 
W processt ind binders were also 


ribed ( \\ Dis hl 





ton Dorfmuelle r Archer-Dantaladite 
ynd Cx 7 A 
Central New York Chapter 


speak 





Late arrival at Central New York Chapter by 
Joseph Otvos calls for donation to piggy bank 
eld by ar! Forier Leonard Romano, center 





Attending Central New York May meeting 
were Ted Frazell, Bill O’Hora, Al Romeo 
Harold Mueller, Chick Jenga and Frank D’Maio 
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Toledo Chapter 
Gets Students to Show 


* T we t eignt students im rou Teh 
lasses at Libbey High School, 1 
©) i th transp rtat 
expe Ses | the I led ( i} 
‘ t i n the 62d Castings 
( g I iry Show 

A letter i appreciation has been 
rece ed ) the ( hapter ir mm | E 
Mohrha Supervisor Industrial 
Arts, lo Board of Educati 

The school foundry equipment 
ludes a 24-in cupola. Students melt 
25 tons of iron each school semester 
from wh castings are made for 
sch I svstem 


afs chapter meetings 


. AUGUST 
SuTrwrrs 


me) eres? 
@ 1h 12 13 4 15 
vt 22 21 2223 
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AUGUST 
British Columbia . . Aug. 9 Horse 
shoe Bay, Vancouver, B. C Annu 


Salmon Derby, 6:30 am 

Canton District . . Aug. 2 . . Brooksick 
Country Club, Barberton, Ohio An 
nual Picnic and Golf Party 


Twin City .. Aug. 18 . . Midland Hills 


Country Club Annual Golf Outing 


Chicago .. Aug. 9 . . Nordic Hills Coun 
try Club, Route 53, Itasca, Il An 
nual Golf and Stag Outing 


Mexico . . Aug. 18 . . Av. Chapultepe 
412, Mexico D.F. . . R. Bastida, Aceros 
Industriales S.A., “Heat Treatments.” 


Ontario . . Aug. 23 . . Hauk Hill Farm 


Ont Annual Picnic 
St. Louis . August 9 . . Shady Acres, 
St. Louis County . . Annual Picni: 


Southern California . . Aug. 9 . . Lake- 
wood County Club. . Annual Stag Out- 
ing and Golf Tournament 


SEPTEMBER 

Birmingham District . . No Meeting 
British Columbia . . .Sept. 19 . . Leon’s, 
Vancouver, B. C. . . R. L. Olson, Dike- 


O-Seal, Inc., “Modern Pattern Construc- 
tion.” 


Canton District . . No Meeting. 


Central Illinois . . Sept. 13 . . Engineers’ 
Club, Groveland, Ill. . . Fish Fry. 
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Central Indiana Sept. 6... Lake $ 

( try Ch Indianapolis Annual 
Golf Outing and Picni 

Central Michigan Sept. 17 Hart 


Hotel. Battle Creek, Mich 


Central New York . . Sept. 12 lrin 
kaus Manor, Oriskany, N. Y O. J 
Myers, Reichhold Chemicals, In Core 


Binder Newer Types in New Processes 


Central Ohio . . Sept. 8 . . Seneca Hotel 
( lumbus. Ohio 

Chesapeake . . Sept. 26 . . Engineers 
Club, Baltimore, Md E. J. Mapes, 
Pickands Mather & Co., “Taconite Pro- 

ind Film “Erie Taconite ‘i 

Chicago \ Meeting 

Cincinnati District . . Sept. 8 . . Hotel 


4] 1a, Cincinnati 


Connecticut . . Sept. 12 . . Bellis Res 
taurant, North Wilbraham, Mass Joint 
Plant Visitation with New England Chap- 


ter, Chapman Valve Co., Indian Orchard, 
\Vlass 
Corn Belt No Meeting 


Detroit .. No Meeting. 


Eastern Canada . . No Meeting 
Metropolitan . . No Meeting 
Mexico . . Sept. 22 . . Av. Chapultepec 


$12, Mexico City, Mexico . . E. Aleman, 
Metalurgica Almena S.A., “Molding Clay 
& Sands.” 


Michiana . . No Meeting 


New England . . Sept. 12 . . Belli’s Res- 
taurant, North Wilbraham, Mass. . . Joint 
Plant Visitation with Connecticut Chap- 
ter, Chapman Valve Co., Indian Orchard, 
Mass 


Northeastern Ohio . . 
Arms Hotel, Cleveland 


Sept. 11 . . Tudor 


Northern Illinois & Southern Wisconsin 
.. Sept. 9. 


Ontario . . Sept. 12 . . Royal York Ho- 
tel, Toronto, Ont. . . Gray Iron Group 
J. E. Rehder, Canada Iron Foundries, 
Ltd., “New Types of Cupolas”; Steel 
Group: H. F. Taylor, Massachusetts In- 
stitute of Technology, “Hot Tears in 
Steel Castings”; Non-Ferrous Group: H. 
F. Bishop, Exomet, Inc., “Manufacture of 
Pressure Tight Non-Ferrous Castings.” 
Recognition Night for Apprentices and 
Paper Writing Contestants. 

Philadelphia . . No Meeting. 

Piedmont . . Sept. 12 . . Hotel Charlotte, 
Charlotte, N. C. .. C. A. Sanders, Amer- 
ican Colloid Co., “Casting Defects.” 



















(nod BuKeR THAN EVEL) 


AFS PRES. 


RENkEO 1437-14, 
AFTER 33 YEARS WITH DEERE &§ CO. ” - 























Personalities 


Pittsburgh . . Sept. 15 . . Hotel Webster 
Hall, Pittsburgh, Pa 


Quad City . . Sept. 15 . . LeClaire Ho- 
tel, Moline, IIl. D. E. Krause, Gray 
Iron Research Institute, “Hot Blast Cupo- 
la & Slag Control.” 


Rochester .. No Meeting 


Saginaw Valley . . No Meeting. 


Southern California . . Sept. 12 . . Rod- 
ger Young Auditorium, Los Angeles. . 
R. L. Olson, Dike-O-Seal, Inc., “Modern 
Pattern Construction.” 


Tennessee . . No Meeting. 


Texas . . Sept. 19 . . Ben Milam Hotel, 
Houston, Texas. 


Timberline . . 


Denver, Colo. 


Sept. 8 . . Oxford Hotel, 





Toledo “— No Me eting 


Tri-State . . Sept. 12 . . Alvin Plaza 
Hotel, Tulsa, Okla. . . R. L. Mcellvaine, 


National Engineering Co., “Foundry Lay- 
out & Maintenance.” 


Twin City . . Sept. 9 . . Jax Cafe, Min- 
neapolis. 


Utah . . Sept. 22 . . Salt Lake City. 
Washington . . Sept. 18 . . Exeter Ho- 
tel, Seattle . . R. L. Olson, Dike-O-Seal, 
Inc., “Modern Pattern Construction.” 
Western Michigan No Meeting. 
Western New York . . No Meeting. 


Wisconsin . . Sept. 12 . . Schroeder Ho- 
tel, Milwaukee. 









@ Following are summaries of 
technical papers presented at the 
62d AFS Castings Congress during 
Brass and Bronze, Gray Iron, Die 
Casting, Heat Transfer and Hy- 
giene Sessions held in the Cleve- 
land Auditorium. 


Brass and Bronze 


Deoxidation Practice for Copper 
Shell-Molded Castings, R. C. Har- 
ris, Frankford Arsenal, Philadelphia. 


Because of the nature of the de- 
composition products of the phenolic 
resin used in connection with this 
process, it appears that embrittlement 
of the castings occurs as a result of the 
familiar “steam reaction.” The reduc- 
ing gases, generated when the heat 
of the cast metal decomposes the 
resin, react with oxides within the 
melt to form steam, which then 
causes rupturing at grain boundries. 

Conclusions drawn from the results 
of the work are 

1) As a result of the decomposition 
of the phenolic resin used in the pro- 
duction of shell molds, a hydrogen- 
rich atmosphere is generated within 
the mold cavity which is capable of 
producing severe embrittlement in 
copper castings. 

2) Of the four deoxidizers investi- 
gated (lithium, titanium, phosphorous, 
and calcium boride) only titanium 
and lithium effectively deoxidize pure 
copper for casting into shell molds. 
The favorable results obtained with 
titanium and lithium may be due to 
these elements lowering the oxygen 
content of the melt to a level where 
little or no water vapor is generated 
by the “steam reaction” to cause rup- 
turing at grain boundries. 

3) Both gas-fired and high-frequen- 
ly (20,000 cps) induction-melting 
equipment are satisfactory for melt- 
ing pure copper. 


Occurence and Elimination Of 
Leakage in a Gun Metal Casting, 
M. Glassenberg, Illinois Institute of 
Technology; A. H. Hesse, R. Lavin 
& Sons, Inc., Chicago; and W. H. 
Baer, Navy Department, Washington, 
D. C. 

1) Employing a runner system in 
the drag that was progressively 
throttled down in cross-sectional area 
to obtain a uniform flow distribution 
through each gate, castings were pro- 
duced that did not leak in any part 
of the machined casting except the 
outer flange. 

The results of high pouring tem- 
perature were sporadic. In some cases 


Final Report on 


non-leakers and in other cases, leakers 
were prevalent. 

No definite correlation between x- 
leakage could 
be found. Large shrink cracks shown 
by the x-ray film usually indicated 

leaky casting, but a mottled or 
hazed appearance on the film gave 
no indication whether the casting 
would leak or not. 

Use of a full, round gun metal 


ray analysis and 


chill coated with a graphite wash 
and placed in the core corresponding 
to the flange resulted in a sound flange 
and pressure-tight casting. Ten pres- 
sure-tight castings from seven separ- 
ate heats were obtained by use of 
chills. Not a single machined casting 
that used a chill was found to leak. 


Castings Congress Technology 


an important factor with oil-benton 
sand. 

This sand is easy to use, giving a 
consistently fine finish and close toler 
ances. It peels almost completely from 
the castings, uses far less new sand 
additions, needs no special equip 
ment and is easy to control. Thinner 
casting skins result, and metal fills 
mold cavities more easily because ot 


less chill effect. 


The Chemical Treatment of Cop- 
per Alloys, R. W. Ruddle, Foundry 
Services, Inc., Columbus, Ohio. 

The main purposes of chemically 


treating molten non-ferrous alloys are: 
) reduction in melting losses, 
) prevention of dross formation 


I 
») 





A joint round table luncheon was sponsored at the 62d Castings Congress by the Gray and 
Ductile Iron Divisions. Presiding were V. A. Crosby, Climax Moiybdenum Co., Detroit and W. F 
Bohm, Buick Motor Div., GMC, Detroit shown at left. Others are speakers H. A. Laforet, Pontiac 
Motor Co., Pontiac, Mich., and F. J. Webbere, GMC, Detroit 


Effects of Foundry Variables Up- 
on Porosity of 85-5-5-5 Bronze, 
R. A. Flinn and C. R. Mielke, Uni- 
versity of Michigan, Ann Arbor, Mich. 

Pouring temperature, chills and 
depth testing are variables which af- 
fect pressure-tightness readings se- 
verely. Moisture content of the mold 
is less significant in the range tested. 

For pressure tightness castings 
should be poured at low temperatures 
and gating adjusted to permit _ it. 
Chilling is particularly effectve in re- 
moving porosity from critical regions. 


The Use of Oil-Bentone Sand for 
Higher Quality Finish in Brass 
and Bronze Castings, ©. E. John- 
son, H. B. Ives Co., New Haven, 
Conn. 

Almost any desired green strength 
may be obtained by increasing mold 
hardness and varying the amounts of 
oil and bentone. Permeability de- 
creases as mold hardness or oil in- 
creases; however, permeability is not 


which leads to inclusions in the cast- 
ing, 

3) removal of gases, 

1) production of the correct grain 
structure in the casting. 

These results -are obtained when 
precise standard methods are follow- 
ed. Selection depends upon several 
factors including the type of melting 
unit or fuel, the alloy, the form of the 
charge and the type of casting being 
made 


Gray Iron 


Effect of Size of Scrap on the 
Tapping Temperature of the Cu- 
pola, N. H. Keyser and W. L. Kann, 
Ir., Battelle Memorial Institute, Co- 
lumbus, Ohio. 

If more coke is added to the cupola 
charge at the same time that the size 
of scrap is increased, the additional 
coke will reach the top of the bed 
about the same time as the heavy 
scrap. The added coke will tend to 
raise the bed and the heavy scrap will 








tend to lower the bed. Properly se 
lecting the amount of coke will bal 
ince out the two effects. 

In this study the required change 
in rate of charging coke was made in 
the same charge in which the type of 
scrap was \ iried, and the blast rate 
was maintained constant. By following 
this technique the bed height can be 
maintained at a fixed and predeter- 
mined level, and a uniform product 


Can be produced 


A Study of the Ferritization of 
Nodular Iron, E. |. Eckel, Univer 
sity of Illinois, Urbana, Il. 

Two heat treatments which appeat 
most attractive are 

1) controlled cooling rate through 
the eutectoid range, 

2) isothermal treatment of reheated 
specimens. 

Both treatments are preceded by 
a high temperature hold. The two 
treatments gave essentially the same 
tensile properties, but the first treat 
ment appeared to be capable of pro 
ducing higher values of impact duct 
ility and had a higher sensitivity to 
specimen location. The second treat 
ment, while not producing quite as 
high impact values as the highest re 
ported for the first, gave much less 
scatter. 

The isothermal treatment appears 
most reliable. However, the fact that 
the more simple procedure of merely 
controlling the cooling rate through 
the eutectoid range gave higher as 
well as much lower impact values, 
makes this treatment very interesting 
It is quite possible that a detailed 
investigation might reveal a proced 
ure for elimination of the low values 


The Controlled-Slag Hot-Blast 
Cupola, D. Fleming, Textile Ma 
chinery Makers Ltd., Oldham, Eng 
land. 

A unit has been produced which 
can be used for acid, neutral or basic 
melting at will. It is found that some 
20 per cent of the total CaO charged 
is lost, presumably being carried out 
by the effluent stack gases. Thus all 
the sources of silica per charge are 
totalled 

1) silica from metal silicon loss 

2) silic i from coke ash (less 9 pel 
cent fly loss 

3) silica from limestone and spar, 

1) silica from sand carried in with 
charges 


Che unit will in most cases be used 


Continued on page 104 
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Dexocor yields top results with all ramming processes 


modern castings 


save Up To 007 
In Core Baking Time! 


Use Dexocor binder, the amazing new 
binder for sand molds. Field reports 
show this dry replacement for core oil 
cuts baking time 30 to 50 percent!* 

Savings of fuel dollars and more flex- 
ible production scheduling are only two 
of Dexocor’s advantages. Among its 
other features are: faster mulling...low 
gas generation... excellent green strength 
..- high baked strength...uniform density 
...easy shake-out...ready collapsibility. 

Whether you make small or large 
castings, simple or intricate, you will 
profit by the properties of Dexocor. One 
foundry now uses it in 19 different sand 
and core mixes! 

For the full facts on this amazing new 
binder and technical assistance in adapt- 
ing it to your special needs, contact our 
nearest sales office or write direct. 


*Source on request 


DEXOCOR binder 


DEXOCOR® is the perfect teammate for MOGUL® and KORDEK® binders and GLOBE® dextrines 
CORN PRODUCTS SALES COMPANY - 17 Battery Place, New York 4, New York 
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as a basic melting unit, to enable 
carbon pick up to be obtained and 
sulphur removal practised. Especially 
under European conditions this allows 
the use of charges compounded of cast 
iron and/or steel scrap plus _ferro- 
alloys to produce high grade iron from 
cheap low-grade raw materials 

Under such conditions, the use of 
hot blast has not only made the re- 
quisite metallurgical advantages of 
low iron oxide content, etc., an assur- 
ed fact, but has restrained coke con- 
sumption to levels similar to cold- 
blast practice, while giving metal 
temperatures of a consistently high 
level, coupled wih lowered silicon 
losses. Refractory problems, normally 
so aggravating in the basic cupola 
have been virtually eliminated. 

The unit can be so designed, with 
due regard to automatic recuperatot 
cleaning, and judicious cooling in me- 
tal and slag tap zones, to be capable 
of 24 hr per day operation for peri- 
ods up to four weeks duration. 


Magnesium Content and Graph- 
ite Forms in Cast Iron, J. F. Ellis 
and C. K. Donoho, American Cast 
Iron Pipe Co., Birmingham, Ala 

In hyper-eutectic iron increasing 
magnesium causes a gradual disap- 
pearance of graphite flakes in favor 
of true spherulites. In hypo-eutectic 
iron increasing magnesium causes the 
disappearance of true flake graphite 
in favor of “quasi-flake” graphite 
form, and then true spherulites. 

In very low manganese hypo-eu- 
tectic iron, spherulites appear at a 
much lower magnesium level. Exces- 
sive magnesium contents (over 0.14 
per cent for the irons studied) cause 
the appearance of a “spikey” graphite 
form with some deterioration of prop- 
erties. 

Where spherulites and eutectiform 
graphite occur together in hypo-eu- 
tectic iron, it is shown that the spheru- 
lites form first and are contained in 
the austenite dendrites. A proposed 
German classification chart for graph- 
ite forms associated with spherulitic 
graphite irons compares reasonably 
with the various forms observed in 
this study. 


Some Structural Considerations 
in Nodular Iron, V. Pulsifer, Illinois 
Institute of Technology, Chicago. 

A description of the solidification 
process of nodular iron is given with 
the proposal that nodules form near 
the liquidus in a normal nucleation 
process rather than near or below 
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the solidus. This proposal is supported 
by several observations including 
studies of rapidly chilled shot 

For all practical purposes, th 
hemical reaction between magnesi- 
n and sulphur is instantaneous, but 
the separation of the mixed phases is 
low. Therefore, more residual mag 
1esium is required with higher sulfur 
mtents to tie up all the sulfur and 
issure a nodular structure. There is 
i zone of uncertainty near the stoichi- 
metric ratio where mixed flake-nod 
ular structures occur due to departures 
from equilibrium in practice 


Gases in Cast Iron with Special 
Reference to Pickup of Hydro- 
gen in Sand Molds, |. V. Dawson 
ind L. W. L. Smith, British Cast 
Iron Research Association, Alve- 
church, Birmingham, England. 

In view of the fact that the hydro- 
gen content of liquid iron can_ be 
raised by plunging damp sand into 
the iron bath, it is not surprising that 
a similar rise occurs in the sand 
mold. This hydrogen must come from 
decomposed water vapor. It would be 
expected that the presence of easily 
oxidizable elements in the iron would 
increase this decomposition. 

It is surprising that, whereas alum- 
inum, magnesium and manganese all 
encourage hydrogen absorption, this 
pickup is proportional to the magnes- 
ium and manganese contents but not 
to the aluminum content. (There is 
a little evidence that above 0.1 per 
cent magnesium this prcportionality 
ceases and the pickup begins to fall 
again.) This may be due to a tenaci- 
ous aluminum oxide layer which limits 
either the reaction with water vapor 
or the solution of hydrogen. 

For the purpose of comparison each 
conclusion refers first to the pinhol- 
ing tendency, and second to hydro- 
gen pickup from the mold. 

1) Aluminum contents between 
0.01 and 0.10 per cent cause pinhol- 
ing in gray iron and very markedly in- 
creases the hydrogen pickup. 

2) Aluminum contents over 0.2 per 
cent reduces pinholing in gray iron 
and decrease the hydrogen pickup. 

3) If titanium is absent aluminum 
is less likely to cause pinholing in gray 
iron, but titanium has little effect on 
the hydrogen pickup either by it- 
self or with aluminum. 

4) Magnesium contents up to 0.1 
per cent in the absence of aluminum 
do not cause pinholing, but the hydro- 
gen pickup increases proportionally. 


Continued on page 106 





Shrink caused leakage... 


Radiography 
showed how 
to correct it 


‘This casting is the gear housing of a vital air 
turbine-driven power supply produced for the 
Utica Division of Bendix Aviation Corp. for use 
in jet-age aircraft. It must operate at tempera- 
tures up to 300°F with utmost dependability. 


Seepage of oil through the shell was a recur- 
ring problem. And this is where radiography 
came in with a double-barreled assist. First, 
radiographic examination of the rough castings 
provided information to help determine whether 
the castings would prove acceptable when 
machined before more than 150 machining 
operations were performed. Second, the radio- 
graphs revealed the cause of the difficulty 
internal shrinkage —and disclosed a recurring 
pattern which led to placing chills so as to 
overcome it 


Result: a critical part became a routine pro- 
duction item with substantial savings in time 
and costs to both foundry and manufacturer. 

If you would like to know how radiography 
can improve your own operations, talk it over 
with your x-ray dealer—or the Kodak technical 
representative. 


EASTMAN KODAK COMPANY 
Rochester 4, N. Y. 


X-ray Division - 








Radiograph of rough ca 


power s Ip} 


} 


yl gear ho 


The new Kodak 
Industrial X-ray 
Film, Type AA, gives 
you these advantages 


: ; 
Reduces exposure time—speeds up routine examinations 


Provides increased radiographic sensitivity through higher 
densities with established exposure and processing technics 


Gives greater subject contrast, more detail and easier read- 
ability when established exposure times are used with 
reduced kilovoltage 


Shortens processing cycle with existing ¢ xposure technics 


Reduces the possibility of pressure desensitization undet 
the usual shop conditions of use. 


Kodak Industrial X-ray Film, Type AA, is 


now available with or without interleaving 





paper, as you may desire 


Circle No. 417, Page 7-8 


August 1958 + 195 








106 


The sand in the microphoto above 
speaks quality. It’s pure and fine, 
with the excellent rounded grain 
properties so desired for foundry 
use. This is indeed a superb sand 
—finest for foundries. 





The obvious merits of quality can be 
yours with Wedron Silica 











anil 


MINES AND MILLS IN THE 
OTTAWA-WEDRON DISTRICT 


SILICA COMPANY 


135 S. LaSalle St., Chicago 3, Ill. 
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Send for illustrated 
brochure on Wedron sands. 
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5) Extremely small amounts of 
aluminum cause pinholing In presence 
of 0.04-0.06 per cent magnesium, and 
ilso increase hydrogen pickup. 

6) When the magnesium content 
is greater than 0.1 per cent, aluminum 
is less likely to give pinholing even 
though the hydrogen pickup is still 
increased by the aluminum 


Risering of Gray Iron Castings, 
AFS Gray Iron Division Research Re- 
port, J. F. Wallace and E. B. Evans, 
Case Institute of Technology, Cleve- 
land 

The adequate risering of gray iron 
castings is a complex problem because 
of the many variables influencing the 
melting, casting, and solidification of 
gray iron in sand molds. It is possible, 
however, to make several statements 
concerning good risering practice for 
ue neral application: 

1) A low phosphorous content 

below 0.10 per cent) is desirable 
to eliminate microporosity. 

2) Adequate riser size must be 
selected to compensate for liquid and 
solidification contraction in all molds. 
It is also necessary to compensate for 

me mold cavity enlargement in 
green sand molds 

3) The mold cavity in dry sand, 
core, or COs process molds does not 
expand significantly during solidifica- 
tion of gray iron castings; in fact, a 
reduction in the mold cavity occurs 
in heavy sectioned castings in dry 
sand molds, or when extensive coring 
is employed. The size of the required 
risers can be reduced accordingly in 
these instances. 

4) Feeding distance in gray iron 
is generally greater than that for steel, 
and it decreases with lower carbon 
content 


Foundry Applications of the Cal- 
cium Carbide Injection Process, 
W. R. Lysobey and A. E. Tull, Air 
Reduction Sales Co., New York. 

Better cast iron results from good 
inoculating techniques. An_ effective 
inoculant will lower the chill forming 
tendency of cast iron and promote 
the formation of Type A graphite in 
a pearlitic matrix. 

The presence of Type D graphite 
in combination with ferrite is a clue 
to many of the problems encountered 
in cast iron founding. This structure 
is often coupled with white iron or 
chill formation in adjoining areas 
which undergo rapid cooling. Many 
of the difficulties associated with por- 
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Thinking of automation? 


sity and shrinkage can be eliminated 
x greatly lessened by techniques for 
producing iron that has Type A graph 
ite and a pearlitic matrix. Injection of 
calcium carbide in cast iron has this 


effect 


Duplexing Pays at Pontiac ine 
Foundry, H. A. Laforet, Pontiac Mo 4 . 


tor Co., Pontiac, Mich., and F. J. Web -¥ : : , Reason ee 


waa Se 


bere General Motors Corp.., Detroit 


Major advantages of duplex melt if 
ing observed were: —_ 4 
1) improved contro] 
> deere ised scrap, 

3) decrease in cost of charge, 
t) increased productivity, 
5) cleaner melting operation 


6) reduction in pigged metal, 
7) improved relations with machine 
shop. 
Heading the disadvantages of du- 
ple xIng 1S the absolute de pe ndence of 
the entire metal flow on one melting 
unit. Any shut-down of this unit will 
stop all the hard iron lines. 





The Universal Mold Conveyor 
is typical Jeffrey automation 
equipment — moves molds on 
the level up down and around. 


Die Casting 
Aluminum Melting Practice in 
the Die Casting and Permanent 
Mold Fields, r P. Moehling, Stro- 
man Furnace & Engineering Co. 
Franklin Park, Il. y 

When aluminum is melted in a re ra > 
tractory-lined furnace there is a tend- 
ency for an oxide buildup to take 
place at or slightly above the metal 


line. This buildup must be removed Jeffrey builds single units 


daily while the refractory lining is hot 








and must never be allowed to remain 


while cooling the refractory. Once th and/or builds the entire system 


refactory has been cooled with this 
buildup present, there is a definite 





; ‘ , ; ; es J, M : r . . 4 ‘e . - . © . 

— — : maroon — mat a Your men work at elevations best suited to each — conveyors, carrying castings from shakeout, and 
anc 1e aluminum Undup wonicn . ‘ ° : . . ‘ sly 
causes a more or less perm a nt de operation, with the Jeffrey universal mold con- even the most fragile castings are handled safely. 


terioration of the refractories and re veyor on the job. Their tasks are eased and Jeffrey mechanizes the handling of sand: over- 


-  walrentery’s ali ms rosie ; Sa eae ; : 
— oo refractory's ability to resist manufacturing efficiency is maintained at high ead belt conveyors distribute sand to molders’ 
penetration. rs i eee een ; a oa eS 
The recent introduction of the vac- levels, helping to boost earnings. stations, carry it from shakeout to Jeffrey sand 
uum die casting machine makes the Flow of such materials as sand, castings, coke, conditioning plant and back to molders. Catalog 


growth of aluminum even more ce 
tain. This process, while still in the aig ; 
early stages of development as far as vibrating feeders and conveyors, electric or a copy, write The Jeffrey Manufacturing Com- 
aluminum is concerned, opens up new mechanical types. They may serve as cooling pany, 977 N. Fourth Street, Columbus 16, Ohio. 
horizons to the die casting technique. 


limestone and iron borings is handled by Jeffrey 911 describes all of this foundry equipment. For 


The designer has more leeway in in- 
tegrated, complicated casting designs 
which formerly required individual 
castings and subassembly work. The 
permanent mold and forging field can 
now be penetrated due to higher 
physical properties available. 

The possibility of casting low sili- 
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CAN YOUR FOUNDRY/ > 
REMAIN COMPETITIVE (—, 


with HIGH SCRAP LOSSES) 





IF HIGH SCRAP LOSSES are seriously affecting your profit 


picture . . . a Dietert-Detroit Sand Control program can help 
your foundry. Let’s first answer the following questions: 


WHAT TYPE OF FOUNDRY DO YOU OPERATE? 


No sand control. High scrap losses. 


Good routine sand control. Good production rate. Low scrap 
losses. 


Faithfully supervised sand control program. High production 
rate. Planned research. Low scrap losses. 


ARE ONLY LARGE FOUNDRIES ABLE TO AFFORD 
ADEQUATE SAND CONTROL? 


No. The total cost of Dietert-Detroit equipment required to control 
moisture, permeability and strength is but $1051.50. 


DOES A SAND CONTROL PROGRAM REQUIRE 
ADDITIONAL TRAINED PERSONNEL? 


No. Any careful, practical man can unpack equipment, set it up on 
a bench, and learn how to obtain accurate test data within 14 hours. 


HOW DOES THIS PROGRAM HELP US? 


Check sand used in production several times a day. Takes only 10 
to 20 minutes. Check sand test data with results of castings produced. 
Within one week you will have facts and figures to guide you in work- 
ing your sand at the moisture, permeability and strength values that 
give you the best looking castings, and with your /owest scrap losses. 


— 
| 
| 
| 
| 
= 


Start this program today. You can start reducing your scrap losses 
within one week. Use attached coupon for additional details. 


HARRY W. DIETERT CO. + 9330 Roselawn « Detroit 4, Mich. 


Send me complete information on a good routine Sand Control Program. 
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Exothermic liquidizers and fluxes 
for all metals and alloys described, with 
lvantages and results listed in bro- 
hure. Pittsburgh Metals Purifying C 


Circle No. 486, Page 7-8 


Molding machines .. specification 


sheet illustrating models. Adams ( 


Circle No. 487, Page 7-8 


. high strength, ductile 


casting and heat 


Casting alloy 
} ios 


utlined as nelting, 
treating. Specifications and properties 


listed Kaiser 


Sali s, In 


Aluminum & Chemical 
Circle No. 488, Page 7-8 
Shell core machine . . . illustrated wit! 
features pointed out in brochure. Ds 
pendable Pattern Works 
Circle No. 489, Page 7-8 
Stop leaks . . . with seal fitting for pipe 
thre ids ind other threaded connections 


Re quest bulletin. Flick-Reedy ( rp 
Circle No. 490, Page 7-8 

Fluid pressure . . . boosters and accu 

lators covered in 12-p bulletin. Miller 

Fluid Power, Div. Flick-Reedy Corp 
Circle No. 491, Page 7-8 


Abrasive segregator .. . for reclaiming 
shot illustrated with specifications in bul- 
letin. P.A.C. Mfg. ( 

Circle No. 492, Page 7-8 


handbook illustrates 
equipment and describes process, 46 pp 
Carver Foundry Products C. 

Circle No. 493, Page 7-8 


CO. process 


Conversion factor . . . wall chart refer- 
ence table for engineers and executives 
to speed up location of factors used 
daily. Precision Equipment Co 

Circle No. 494, Page 7-8 


Temperature conversion . . . chart, wal- 
let-size, available with easy-to-read tables 
of Fahrenheit and Centigrade tempera- 


ture equivalents. Moeller Instrument Co 
Circle No. 495, Page 7-8 


. data book 
of the elementary photomicrographic 


Microscopic photography 


technique available in a revised edition. 


Eastman Kodak Co. 
Circle No. 496, Page 7-8 


Build an idea file for plant improvements. 
Reader Service Cards, page 7-8 
will bring more information .. . 


the asking 





Core processes . . . reprint, 6 pp, 

ses four major core making processes 
with a omparison of idvantages and 
iisadvantages of ¢ ich Archer Daniels 


Midland ( 
Circle No. 497, Page 7-8 
Welding . . 


welding rods, electrodes and welding 


nds Eutecti Welding Alloys 


. data book encompasses 120 


i} wl 
Circle No. 498, Page 7-8 


Aircraft castings .. . 


| 
ind 


superior to forgings 


fabrications are described in exten- 


sive technical report. General Alloys ( 
Circle No. 499, Page 7-8 


Wood and metal pattern 
nent and production described and illus- 


trated in 12-p booklet. The Motor Pat 
terns ( 


de ve lop 


Circle No. 500, Page 7-8 


Tax guide ... for small business, 1958 
dition. Consists of 128 pp of explana- 
tions and answers to most tax problems. 
Superintendent of Documents, U.S. Gov- 
ernment Printing Office 

Circle No. 501, Page 7-8 


Shell molding . . . silicone parting agents 
brochure describes how to break-in clean 
patterns and how to release sand-resin 


shells and cores. Dow Corning Corp. 


Circle No. 502, Page 7-8 
Water-cooled cupolas technically 
discussed showing, through modern cu- 
pola, purpose of water jackets and high 
rate of thermal efficiency in cupolas with 


gradual erosion of lining. Whiting Corp. 
Circle No. 503, Page 7-8 

Stainless steel casting . . . reprint. De- 

scribes proper techniques for design en- 


gineers. Cooper Alloy Corp 
Circle No. 504, Page 7-8 


. related in 
technical, colorful, 20-p book. Pittsburgh 
Coke & Chemical Co. 

Circle No. 506, Page 7-8 


Birth of gray iron castings . . 


Radiography in modern industry 
handbook, 140 pp, well illustrated, for 
engineer or student. X-ray Div., Eastman 
Kodak Co. 

Circle No. 507, Page 7-8 











Job evaluation technique . . . in small 
industry summarized in newsletter 
Small Business Administration 

Circle No. 508, Page 7-8 


Shell cores . . . 4-p reprint, contains 
diagrams of shell core, mold and finished 
part ( ooper Alloy Corp 

Circle No. 509, Page 7-8 


Ceramic gating . . . catalog covers com 
ponents tor ill standard cores splash 
res, elbows and tubes. Universal Clay 
Pri duc ts Ce 
Circle No. 510, Page 7-8 


Wall chart . . . lists 41 properties for 37 
different stainless steels Electr Metal 
lurgical Ce 

Circle No. 511, Page 7-8 


Ceramic strainer . . . cores and tubes 
for pouring molten metals are listed on 
ompany's specification sheet. Du-Co 
Ceramics Co 


Circle No. 512, Page 7-8 


Sand mullers . . . illustrated with speci 


brochure. National Engineer 


hcations in 


g ( 


Li 
in 


Circle No. 513, Page 7-8 


Refractories . . . described with instru: 
tions for use and application illustrated 
in 17-p brochure. S. Obermayer ( 
Ramtite Dit 

Circle No. 514, Page 7-8 


Casting resin . . . applications and pro 
edures for patternmaking uses detailed 
in brochure. United States Gypsum, In 
dustrial Sales Dit 

Circle No. 515, Page 7-8 


Arc torch . . . for fast removal of metal 
shown in folder. Arcair Co 
Circle No. 516, Page 7-8 


Air cylinders . . . and air control valves 
detailed in brochure \. Schrader's So 
Div. Scovill Mfg. C 

Circle No. 517, Page 7-8 


Blast grit . . . for use in abrasive 
ing is devoid of free silica. C 
518, Reader Service ( urd I 

request bulletin. H. B. Reed Ce 


Drum lifter . . . attachments for fork 

truck or hoist described in brochure 

Ladd Drum Lifter & Equipment ( 
Circle No. 519, Page 7-8 


Sand reclamation . . . process outlined 


in bulletin. Process removes sand binder 
coatings. Guardite Co 
Circle No. 520, Page 7-8 


Welding . . . guide for the foundry pre- 
sented in illustrated brochure. Eutectic 
Welding Alloys Corp. 

Circle No. 521, Page 7-8 


Alloying ingredients . . . for production 
of alloyed steels and irons described and 
illustrated in booklet. Alloy Metal Prod- 


ucts, Inc. 
Circle No. 522, Page 7-8 


TIME AND MOTION STUDY 


FOR THE FOUNDRY 


AMERICAN FOUNDRYMEN'S socierTr 


AMERICAN FOUNDRYMEN’S SOCIETY 

Golf and Wolf Roads 

Des Plaines, Illinois 
Place my order for 
TIME AND MOTION 
0 Remittanc: 


copt } y 
STUDY FOR THE FOUNDR O Send Int 


» Enclosed 


Name 
Company 
Addres 


City — 


August 1958 








ALUMINUM MELTING 
AND DIE CASTING INTEGRATED.... 

































AJAXOMATIC 


With the touch of a button the operator releases the complete automatic cycle: 





die closing, Ajaxomatic pour, shot, cooling, die opening, ejection. Simultaneous- 
ly, the Duplex Ajaxomatic melts batches of scrap and pig. Weight, time and tem- 
perature of each automatic pour are closely controlled. 


RESULTS .....Higher production rate 
Uniform casting quality 
No molten metal handling 
No operator fatigue 
PRODUCTION ....Up to 500 pounds per hour 
CASTING SIZE....’2 pound to 20 pounds 


(Special units available for higher ratings) 


MAY WE STUDY YOUR REQUIREMENTS? 





ENGINEERING CORPORATION 


TRENTON 7, NEW JERSEY 


60 CYCLE INDUCTION MELTING 


Associated Companies: 





Ajax Electrothermic Corporation Ajax Electric Company 
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Noise reduction . . . graphically portray 
ed in bulletin. A.C. Engineering Co. 


Circle No. 523, Page 7-8 


Ancient bronze . . . castings pictured in 
booklet. Sipi Metals Corp 


Circle No. 524, Page 7-8 


Precision instruments . for foundry 
ndustry liste d in cat ilog Illinois Testing 
Laboratories, In 

Circle No. 525, Page 7-8 


Lining and patching . . . cupolas, fur 


naces ladles, etc.. discussed ind equip- 
ment illustrated in brochure. Blastcrete 
Equipment C 

Circle No. 526, Page 7-8 


’ 
Refractory cement . . . applications, illus 


trated in technical folder. Keystone Re- 
tractortes Ce 
Circle No. 527, Page 7-8 


Barrel finishing . . . manual, 48-pp, lists 
equipment, methods, advantages, uses 
ind supplies Almco Div.., VOueen Stove 
Works, Inc 

Circle No. 528, Page 7-8 


Degassing agent . . . for aluminum ce 
scribed in brochure. Foundry Services, 


Inc 
Circle No. 529, Page 7-8 


Jolt, squeeze, strip . . . molding machine, 
automatic, described in brochure listing 
features and molding methods. Herman 
Pneumatic Machine Co 

Circle No. 530, Page 7-8 


Attachments . . . for lift trucks, mechan- 
ical and hydraulic, listed in 48-p catalog 
illustrating 26 ways to increase lift-truck 
use. Little Giant Products, Ine 

Circle No. 531, Page 7-8 


Flame hardening . . . of castings is dis- 
cussed in 6-p technical article. Meeha- 
nite Metal Corp 

Circle No. 532, Page 7-8 


Foundry training . . . needs for the pres- 
ent and future are listed and illustrated 
by graphs in government publication. 
Bureau of Apprenticeship and Training, 
United States Dept. of Labor 

Circle No. 533, Page 7-8 


Grinders and buffers . . . listed with uses 
shown in catalog. United States Electri- 
cal Tool Co. 

Circle No. 534, Page 7-8 


Hand lift . . . trucks comparison chart 
for evaluation low or high-lift electric 
trucks of different makes and models. 
Lewis-Shepard Products, Inc. 

Circle No. 535, Page 7-8 


Mechanical polishing . . . and the effects 
of pressure during this operation dis- 
cussed in article. Use Circle No. 536, 
Reader Service Card, page 7-8, to re- 
ceive copy. Beuhler Ltd. 




















Compressor . . . new 100 hp model, de- 
scribed and_ illustrated in bulletin 
Davey Compressor Co. 

Circle No. 537, Page 7-8 


High vacuum . . . techniques detailed in 
olorful 28-p bulletin. Uses include hard- 
ening of epoxy resins. NRC Equipment 
Corp 

Circle No. 538, Page 7-8 


Facilities . . . and electrical products of 
plant described in 12-p bulletin. Crouse- 


Hinds Co 
Circle No. 539, Page 7-8 


Maintenance . . . equipment for floors 
ind roofs listed and illustrated in litera 
ure. G. H. Tennant Co. 

Circle No. 540, Page 7-8 


Temperature control . . . in high fre- 
quency induction heating covered in 12-p 
brochure. Lepel High Frequency Labora- 
tories, Inc 

Circle No. 541, Page 7-8 


Industrial trucks . . . covered in product 
review issue of company magazine. El- 
well-Parker Electric Co 

Circle No. 542, Page 7-8 


Level control . . . of bulk, bin material 
vutlined in catalog which includes equip- 
nt and systems. Bin-Dicator Co 
Circle No. 543, Page 7-8 


Stainless steel . . . castings data offered 
in data sheet covering 29 alloys. Cooper 
Alloy Corp 


Circle No. 544, Page 7-8 


Vacuum handling . . . of materials ex- 
] 
Jlained and demonstrated in brochure 


Vac-U-Lift C 
Circle No. 545, Page 7-8 


Overhead storage . . . of clothing and 
personal effects shown in 8-p booklet 
\loore C 


Circle No. 546, Page 7-8 


Refractories . . . catalog covers fire 

brick, cupola block, ladle lining and othe 

refractories. Robinson Clay Product Co 
Circle No. 547, Page 7-8 


Heat treating . . . equipment, including 

dimensions and operation, illustrated in 

22-p bulletin. Lindberg Engineering Co 
Circle No. 548, Page 7-8 


Inoculants . . . for cast and ductile iron 
described in booklets which us¢ pictures, 
graphs and tables to show advantages. 
Electro Metallurgical Co., Dit Union 
Carbide Corp. 

Circle No. 549, Page 7-8 


Colloidal dispersions . . . covered in 12-p 

booklet which answers many questions 

about colloids, such as, “What is graph- 

ite?” “Why is graphite dispersed in 

various fluids?” etc. Acheson Colloids Co. 
Circle No. 550, Page 7-8 


MOLYBDENUM AND BORON 


Rolls are among many cast, wrought iron and 
steel products that have been improved by 
Molybdenum and Boron. Very small additions, 
properly introduced, yield surprising results. 
MCA Molybdenum additions increase the resist- 
ance of rolls to breakage, chipping, heat check- 
ing and spalling in service. Molybdenum and 
Boron improve toughness and hardness qualities 


at both room and higher temperatures. 


MOLYBDENUUN 


Grant Building CORPORATION OF AMERICA 


Pittsburgh, Chicago, Los Angeles, New York, San Francisco, Jackson, Mich 


Soles Representative: Brumley-Donaldson Co., Los Angeles, San 
Subsidiary: Cleveland Tungsten, Inc., Cleveland Hlants 





Similarly, Molybdenum and Boron are effec. 
tive in improving toughness and hardness in 


both light and heavy iron and steel castings. 


As recognized authorities in the application 
of Molybdenum, Tungsten, Boron, Cerium and 
its derivatives both as alloys and chemicals, 
MCA assures confidential and immediate re- 


ponse to inquiries. 





val = 





Pittsburgh 19, Pa. 





Francisco 
Washington, Pa., York, Pa 
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better chilled 
iron abrasives 
-e NG why 


We have specialized in the manufacture of metal abrasives since 1888. 
We have “grown up” with their expanding use. Such long contact 
with their production and use has given us unequalled know-how 
and experience in their manufacture. 


A continuous program of research for the improvement of metal 
abrasives has been carried on with one of America’s foremost metals 
research organizations since 1937. 


We employ the most modern techniques in melting and processing 
to produce metal abrasives to exacting standards of chemistry, hard- 
ness, toughness and uniformity of these elements from one lot to 
another. It is more than significant that the two largest manufacturers 
of blast-cleaning equipment in the world sell and recommend Samson 
Shot and Angular Grit for best results in their equipment. 


LEADERS in development of 
PREMIUM-TYPE ABRASIVES 


The two best known names in premium 
abrasives were developments of two of our 
subsidiaries. MALLEABRASIVE, the first 
malleablized type of metal abrasive ever pro- 
duced, set the pace tor development of all 
other makes of premium abrasives. TRU- 
STEEL Shot was the first high-carbon all 
steel shot produced to meet demand for this 


YZ; specialized type of abrasive 
A, One of these products may do your blast-cleanin 
TRU-STEEL job better, and at lower cost. Write us for full 
(/ information. 

+ Shot 


PITTSBURGH CRUSHED STEEL CO. 


Arsenal Sta., Pittsburgh 1, Pa. 





Subsidiaries: - - - 
The Globe Steel Abrasive Co., Mansfield, O. (Malleabrasive) 
Steel Shot Producers, Inc., Arsenal Sta., Pittsburgh (Tru-Steel) 
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Furnaces . . . heat treating and melting, 
covered in bulletin featuring descriptions, 
tables and Btu ratings. Charles A 
Hone Ss, Inc 

Circle No. 551, Page 7-8 


Grate magnet . . . for tramp-iron remov- 
il described in bulletin. Stearns Magnetic 
Pri duc ts 

Circle No. 552, Page 7-8 


Leasing . . . of materials handling equip- 
ment outlined in brochure. Lewis-Shep- 
ard Corp 

Circle No. 553, Page 7-8 


Vacuum cast steel shot . . . for use with 
company’s abrasive cleaning units de- 
scribed in brochure. Reportedly cuts 
costs. Pangborn Corp 

Circle No. 554, Page 7-8 


Air compressor operating informa- 
tion for foundrymen presented in 12-p 
brochure. Joy Mfg. Co 

Circle No. 555, Page 7-8 


Ventilator . . . which collects fumes and 
dust at source featured in brochure 
Hawley Mfg. Co 

Circle No. 556, Page 7-8 


Foundry engineering . . . services out- 
lined in brochure. Lester B. Knight & 
Associates, In¢ 

Circle No. 557, Page 7-8 


Conveyors power belt and gravity 
type, illustrated in folder. A. B. Farquhar 
Div., Oliver Corp 

Circle No. 558, Page 7-8 


Welding equipment . . . automatic and 
semi-automatic, discussed in folder. Ho- 
bart Brothers Co 

Circle No. 559, Page 7-8 


Hydraulic cylinders . . . bulletin design- 
ed to serve as textbook covering use of 
cylinders. Miller Fluid Power Dit 

Circle No. 560, Page 7-8 


Load handling . . . steel boxes, skids and 
pallets discussed in 16-p catalog. Union 
Metal Mfg. Co. 

Circle No. 561, Page 7-8 


Iron powder . melting stock, advan- 
tages explained in 20-p manual. Hoe- 
ganaes Sponge Iron Corp 

Circle No. 562, Page 7-8 


Laboratory furnace . . . for use up to 
4600 F. For literature use Circle No. 
563, Reader Service Card, page 7-8. 
Zirconium Corp. of America. 


Zinc . . . processes and problems in 

mining to marketing covered in 96-p 

booklet. American Zinc Institute, Inc. 
Circle No. 564, Page 7-8 


Conveyor belt . . . literature features 

specifications and illustrations of foundry 

uses. Stephens-Adamson Mfg. Co. 
Circle No. 565, Page 7-8 


Hot castings conveyor system de- 
scribed in case history available by cir- 
cling number below. Fairfield Engineer- 
ing Co. 

Circle No. 566, Page 7-8 





Nickel supply . at present and outlook 
to 1961 presented in 12-p booklet. In- 


ternational Nickel Co. 
Circle No. 567, Page 7-8 


Radiation safeguards . . . in form of film 
packets worn by workers involved in 
handling or proximity to radioactive ma- 
terials lescribed in 14-p booklet. E. I. 


DuPont de Nemours & Co 
Circle No. 576, Page 7-8 


Temperature controls . . . local mounted 

and remote bulb type, described in 8-p 

catolog. Unitel Electric Controls Co 
Circle No. 577, Page 7-8 


free films 


@ Motion pictures and other visual 
aids based on foundry processes and 
supplies are also yours for the asking. 
These films are suggested for formal 
or informal training groups. The own- 
ers of films in this column will send 
booking request forms to MODERN 
CASTINGS readers who circle the 
appropriate number on the Reader 
Service card (page 7-8). 


Aluminum Welding; Different, Not Dif- 

ficult . . . color, sound, 16mm. Film 

shows that aluminum is easy to join by 

welding, brazing or soldering, using 

different techniques than those used 

with other metals. Reynolds Metals Co. 
Circle No. 568, Page 7-8 


Automation Comes to Die-Casting 

explains completely automatic die-cast- 
ing machine for small and medium ma- 
chine parts. 18 min, 16 mm, sound, film. 
D.C.M.T. Sales Corp., Div. British In- 


dustries Corp 
Circle No. 569, Page 7-8 


17 Films available . . . depicting materi- 
als-handling systems in foundries and 
other industries. Both color and_ black 
and white, 16 mm, 29 min. Clark Equip- 


ment Co. 
Circle No. 570, Page 7-8 


Hydroperm for Non-Ferrous Castings, 

, 35 mm slidefilm, sound, black and 

white, 15 min. United States Gypsum Co 
Circle No. 571, Page 7-8 


Men and Molds, . depicts gray iron 
dry operations in company’s plant. Sound, 
Sound, 16 mm, black and white film, 35 
min. Lynchburg Foundry Co. 

Circle No. 572, Page 7-8 


The First Five Minutes, . . . film on in- 
dustrial fire safety tells of four big re- 
sponsibilities fire brigade has in first five 
min of any plant fire. Fire hazards, extin- 
guishers and hoses. National Board of 
Fire Underwriters’ Film Library. 

Circle No. 573, Page 7-8 


How NOT to Conduct a Meeting, . . 

film features comedian showing mis- 

takes often made in conducting meet- 

ings. 16 mm, sound, 10 min. General 

Motors Corp., Public Relations Dept. 
Circle No. 574, Page 7-8 


COs Process in the Foundry, . . . shows 
how the process is applied in the foun- 
dry. 16 mm, black and white, sound, 20 
min. Delhi Foundry Sand Co. 

Circle No. 575, Page 7-8 











Gating Practice Emphasized ASK YOURSELF... "CAN WE GET BETTER SAND, 
in Making Quality Castings 
AND A BETTER SYSTEM, WITH A ROYER?’ 


by J. G. Kuma 
Battelle Memorial Institute 





Columbus, Ohi 

\ foundry is in business to make 
a profit by producing acceptable cast- 
ings. Acceptable castings are those 
which meet service requirements. To- se " 
day’s increasing pate for maxi- = i THIS LAYOUT SAYS YES | 
mum serviceability calls for castings of 
higher quality and on a consistent 
basis. It is for these reasons that 
greater attention needs to be given to 
gating practice. 

Research on gating has progressed 
to the extent that we now have 
methods _ to give sound, intelligent 
direction to the design of an effective 
gating system. The principles of gat- 
ing are based on two assumptions: 1) 
the ladle lip is close to the pouring 
basin, and 2) the basin is filled quick- 
ly and kept full at all times. The 
objectives of the gating system are: 

1) to reduce turbulence in the 

gating system and in the mold 





cavity; 
2) to reduce the oportunity for 
dross formation; 
3) to eliminate entrainment of air 4 Here is a positive cost-cutting sand conditioning system that falls within the 


or mold gases by avoiding con- 
ditions that would create as- 
piration; 


budget limitations of the small or medium semi-mechanized foundry. It delivers 

better sand without adding to time or manpower requirements, and without 

the expense of complete mechanization. It gains the advantages of fluffing 

4) to decrease the velocity of the 
stream of molten metal and 
thereby minimize erosion of the 
mold and cores; 


after handling, as the final step at the molding station 

An integral part of this practical system is the Royer Model NYP-E Sand 
Separator and Blender. It can be moved swiftly from station to station, deliver- 
ing cooled, aerated, fluffed, perfectly conditioned sand right where it’s wanted. 


5) to take the “art” out of pouring. With it you can really get all the advantages of central system sand control 





rhe principles of gating, sometimes Maybe your system “‘is different.’’ There’s a versatile unit of the Royer 
referred to as ratio gating, are based “NY” Series to fit it. . 


; HERE'S HELP FOR YOU .and improve it. As the photos show, there are stationary 
on laws of hydraulics, and therefore 


Bulletin NY-54 for complete models for easy installation at the discharge of a muller or in conveyor systems 
apply to all metals. The extent to details and “specs” But, however you use it, the Royer vastly improves sand, saves time and 
which the principles need to be ap- an experienced Royer engineer money, improves yield and quality of castings—all at a fraction of a cent per 
plied is dependent upon the cleanli- t f 1 

| lin tl ti tl esi to help you work out the system. on of sand. 
ness aesired in e Ci y, , -S1g iM : : y ; 
: ne ae a. Either or both for the asking. Note the special literature offer. Write, wire or phone today. 
of the casting, and the type of metal 


being cast. Radiographically clean 
castings of intricate design, from 
metals that dross readily, would re- 
quire careful application of all of the 
principles. Foundries report results: 

1) rejects and reworks reduced 
from 50 per cent to 8 per cent 
and vield increased 10 per cent 
on aluminum cooking utensils 


7) 





2) less sand wash, fewer pits, 


"1 > > r 
tewer misruns lower pouring Teamed with front-end loader, a Royer NYP-E Portable moves “NY” Stationary in a different role—taking Foundrymen insert versatile “NY” machines 
from floor to floor in a grey iron foundry. What used to be direct 1800 Ib. discharge of stiff sand from a into conveyor systems wherever convenient 
greater \ ield achieved on brass | caked, packed sand from mulling, now is a cool, fluffy pile 9 ft. muller in a steel foundry Result— perfect sand no time hold-up 


furniture hardware; 


temperature, finer finish and 





3) cleanliness improved and weld- 
ing repairs reduced from 8 pet Foundry-wise 
cent to 2 per cent on steel agents throughout the U.S. 

EXPORT DEPT. 

10406 South Western Ave. 

Chicago 43, Ill. 


ROYER FOUNDRY é& MACHINE Co. 


155 PRINGLE STREET / KINGSTON, PENNA. 


grease retainer rings; 
4) strainer cores eliminated, dross 
defects avoided, reduced strains, 





IN CANADA FOREMOST IN SAND CONDITIONING EQUIPMENT 
swells, run-outs and core-wash Brown Engineering Corp. 
on iron castings. 15 Alcorn Ave., Toronto,Ont. 
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Known By The 
Company We Keep 


As sales representatives for America’s 
leading producers of quality foundry 
commodities, we are especially proud 
of our association with The Wood- 
ward Iron Company, the nation’s 
largest independent producer of 
highest quality foundry and malleable 
pig iron since 1882. 
For details see your H. W. Buyers Guide 


YOURS FOR THE ASKING 


DETROIT 
PHILADELPHIA PITTSBURGH 


89 
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T. M. Ware . was elected presi- 
dent, International Minerals & Chem 
icals Corp., Chicago. The former ad- 
ministrative vice-president became 
the fifth and youngest president of 
the 50-year-old corporation. He suc- 
ceeds his father, Louis Ware, who 
was elected chairman of the board 
and chief executive officer. Interna 
tional is one of the world’s largest 
producers of phosphate and a lead- 
er in the mining and processing of 
potash, feldspar and other industrial 
minerals. 


J. Wesley Lee . . 
ident and gene ral manager, The 
Challenge Machinery Co., Grand Ha- 
ven, Mich. R. C. Gould was elected 
vice-president. Lee succeeds his fath 
er, J. E. Lee, who died April, 1958, 
and is the third generation to head 
the company founded by his grand- 
father In 1893. 


. was elected pres- 


J. W. Swantz . . . was appointed dis 
trict manager, Wheelabrator Corp., 
Pittsburgh, Pa., sales office. He re 
places Pe Underway who recently 
resigned to operate his own foundry 
in South Dakota. R. F. Morgan and 
R. F. Duff have also been appoint- 
ed to the Pittsburgh office. Morgan 
as sales engineer and Duff as an 
abrasive engineer. 


F. A. Jensen . who retired from 


National Engineering Co., Chicago. 
has started Foundry Consulting Serv- 


F. A. Jensen 





L. G. Probst 





ice, Oswego, Oregon Jensen is an 
AFS Chicago Chapter member. 

D. S. Grewar recently joined 
Exomet, Inc., Conneaut, Ohio, in the 
capacity of sales engineer. He will 
be located in the Chicago area and 
has been associated with ferrous and 
non-ferrous foundry operations for 25 


years. 


C. L. Benham .. . has retired as 
district manager, Wheelabrator Corp. 
Springfield, Mass., sales office but 
will remain active in an advisory 
capacity. He has been with the com 
pany for 48 years. He is succeeded 
by J. H. Burlingame. R. G. Pfliegle 
has been appointed the new district 
sales and service engineer, Burlin- 
game’s former position. 


Robert Doat . . . Cie General Des 
Conduites D’Eau. Le Vennes-Liege, 
Belgium, former vice-president has 
become president. 


R. W. deWeese, . . . vice-president in 
charge of sales, and H. T. Swigert 
were elected to the board of direc- 
tors of Electric Steel Foundry Co.., 
Portland, Ore. 


D. B. Beath and L. G. Probst 

have been named to fill the newly 
created posts of Central regional sales 
manager and Eastern regional sales 
manager, respectively, of Foundry 
Services, Inc. Beath was formerly 





D. B. Beath 
































with Dewalt, Inc., and Walworth Co. 
Probst was formerly with National 
Engineering, Lynchburg Foundry Co 
and Bethlehem Steel Co 


C. A. Marlowe . . . has been elected 
vice-president, Treesdale Laboratories 
ind Textile Processing Co., Mars, Pa. 
He has been the general manager, 





C. A. Marlowe 


Pittsburgh Metals Purifving Co., Mars, 
Pa., for many years, and will continue 
in this position in addition to his new 


offic e. 


W. P. Comelius . . . joined the staff 
of Bernard Johnson & Associates, 
Houston, Texas. He will assume his 
new duties in the industrial section 
of this firm. During World War II 
he served with the Manhattan Dis- 
trict of the U. S. Corps of Engineers. 
He is a member, AFS Texas Chapter. 


F. J. Durzo . . . 44, has been named 
vice-president in charge of manufac- 
turing by Jeffrey Mfg. Co., Colum- 
bus, Ohio. He joined the company 
as an industrial engineer and two 
years later became assistant superin- 
tendent. In 1953 he was made works 
manager and four years later was 
elected to the Board of Directors. 


T. L. Hammond .. . has been elect- 
ed as chairman of the board, Whiting 
Corp., Harvey, IIl., to fill the vacan- 
cy caused by the recent death of 
his brother S. H. Hammond. He is 
the son of the late General T. S. 
Hammond who headed Whiting Corp. 
until 1950. 


F. E. Lutz, . . . Century Brass Works, 
Inc., Belleville, Ill., has been pro- 
moted from general manager to pres- 
ident and general manager. 


A. C. Fisher . . . was elected vice- 
president, in charge of sales and 
engineering, Pittsburgh Steel Found- 
ry Corp., Glassport, Pa. For the past 
30 years, Fisher has been associated 
with Blaw-Knox Co., Pittsburgh, Pa., 


REFRACTORIES ENGINEERING AND SUPPLIES, LTD. 


Roof of TAYCOR Ramming Mix for 1000- 
lb. direct arc furnace after 254th heat. 





gained by TAYCOR roofs 
for direct arc furnace 


The Fahralloy Company, Harvey, Illinois, oper- 
ates a 1000-lb. basic direct arc furnace, melting 
30-35 heats of heat and corrosion resistance alloys 
per week. Usual charge is 1500 lbs. 


After changing from acid to basic furnace prac- 
tice, tests were run with the following results: 
Silica roofs averaged 13 heats. Super-duty plastic 
firebrick roofs averaged 33 heats. Rammed roofs 
of competitive mullite plastic averaged 116 heats. 


The first TAYCOR rammed roof set a record of 
241 heats. The next TAYCOR roof jumped the 






Exclusive Agents in Canada: 
Hamilton and Montreal 


REFRACTORIES SINCE 1864 © CINCINNATI * OHIO « U.S.A 


record to 254 heats, some of them up to 3600-Ib. 
triple sized ones. 


Among the TAYCOR advantages reported by 
Fahralloy are: 


Longer roof life 

No dripping 

Longer sidewall life 

Less slag 
Try TAYCOR Ramming Mix for your next 
direct arc roof. Let the Taylor field engineer in 
your area give you full details. 


| rts CHAS. TAYLOR SONS ¢. 


A SUBSIDIARY OF NATIONAL LEAD COMPANY 


mG wv S Pat OFF 
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recently as assistant vice president ot 


engineering and sales in the Foundry 
Mill Machinery Division. He has spe 
1; ] } 


» | ; ' 
on I ! ini 


cold rolling equip 


and will continue to be responsible 
for the brass foundry operations. He 
succeeds Robert Latham, superintend- 
ent since 1939, who retired recently. 


ment for both ferrous and non-fer He is a member of the AFS Phila 
rous industries delphia Chapter and is active in the 
AFS Brass & Bronze Division 
Dr. S. T. Jazwinski. . director of 
est P} enix lron “« Steel Co Dr. 4. E. Palty eee has been appoint 
Harrisburg, Pa., received a Doctor of ed supervisor, Alloy Development and 
Science degree in metallurgy from Evaluation, Utica Metals Div., Kelsey 
Ky ik ™w \ aen ft Mining ind Met Have s Co De troit produce rs ot vac 
illurgy uum induction melted alloys. Dr 
Palty was awarded his doctorate in 
D. E. Best . .. has been named physical metallurgy in 1954 and is 
superintendent of the iron foundry the author if several technical pa- 
Be thlehem Stee] Co Bethlehem. Pa.., pers on met llurgs 








SERVING FOUNDRYMEN THE WORLD OVER 


CLEAN-UP 
TEAM 


found at most 


FOUNDRIES 


MULTI-WASH COLLECTOR 


"sw" CUPOLA COLLECTOR 


This combination of Schneible Collectors 
is keeping foundries all over the country 
dust-free and fume-free for better public 
and employee relations, while com- 
pleting schedules smoothly, too. 

The effectiveness of Schneible air 
pollution control is a result of constant 
development to meet the need of today’s 
and tomorrow's modern foundries. 

Whatever your requirements, Schneible 
equipment is engineered to perform at 
top efficiency with low maintenance. 

Write or wire for details for better 
foundry operation with Schneible dust 
controls. 


CLAUDE B. SCHNEIBLE COMPANY 
P.O. Box 296 Roosevelt Pk. Annex 
Detroit 32, Michigan . TAshmoo 5-7772 


SCHNEIBLE. 









Cable Address. CBSCO 
European Licensee: Elex S. A. 
Zurich. Switzertand 
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The Good Job 


We have often heard work being 
described as a good job, or a bad 
job. I have wondered upon what 
basis a job can be so classified. Is 
one pattern better than another? Be- 
cause a job has lower specifications, 
and therefore less loss than another, 
is it a better job than one in which 
requirements are more rigid? Is a 
short run less desirable than a job 
with a long order? What is it that 
makes a job good or bad? 

Just as the depression was ending, 
I went to Southern Illinois to do some 
trouble shooting for a small foundry. 
In spite of having plenty of work, 
this foundry was on the verge of 
having their billings placed on 30-day 
call. Inexperienced help accounted 
for a scrap percentage slightly above 
normal for the type of work. But the 
trouble seemed to be deeper than 
a lack of skille d help. 

Upon examination of the books, I 
found one company receiving castings 
from the foundry at prices below 
market for the work. Because of the 
finish necessary, the scrap percent- 
age was running a little higher than 
normal on some items. I met vigorous 
resistance when I suggested that the 
prices be raised on this company. 
I was informed that this was the 
foundry’s best customer, and any 
raise in price would cause a loss of 
the business. It was a good job taking 
35 per cent of the foundry’s tonnage, 
and there was a chance the tonnage 
could be increased. Pilot runs had 
been made on new items—at the 
same old price per lb. There was little 
doubt in my mind that the foundry 
would get the business. 

Each job in the foundry should 
justify its own cost. During a buyer’s 
market, I’ve seen work taken into a 
foundry at an average per lb. basis. 
Perhaps the first group of orders 
would pay out over-all. But when 
the time came to rebid on the jobs, 
those being sold at a loss would be 
left while those paying the profit 
would be taken to a lower bidding 





dietrich’s corner 
by h. f. dietrich 





foundry. Receivership is just around 
the corner from the foundryman who 
doesn’t know how to correctly figure 
his costs. 

An overenthusiastic sales manager 
can throw a foundry off stride. This 
specie of animal is always confident 
that his foundry can make anything. 
It’s his job to bring work into the 
shop, and he is forever an optimist 
I returned from a vacation one time 
to find that the sales manager had 
brought in a truckload of brass gated 
patterns for short runs. Not one of 
the patterns was in a hard match. By 
the time we made match frames, we 
had more money invested in the work 
than the total orders returned. From 
that time on, the sales manager labeled 
gated work a bad job. 

Another sales manager of my ac- 
quaintance picked up some patterns 
of four-in. cross section. Our foundry 
had built a reputation for finish on 
gas burners and gas stove grates. If 
the sales manager had known any- 
thing about molding sand and gray 
iron composition he would have been 
less enthusiastic about selling cast- 
ings of tour-in. cTOSS section. You 
can't run 30-ton steam hammer frames 
in gas burner molding sand. Although 
it was heavy tonnage and a desirable 
casting for some foundries, it was a 
bad job for us. 

Most foundries have practically 
eliminated the loose bench molder. 
It is their belief that unless you can 
run long orders a job is not a good 
job. Pilot and experimental work that 
produce the high production jobs 
must still be run from loose patterns 
before the job can be developed 
into a high production pattern. To 
the specialists who handle loose work 
at a profit, these patterns are good 
jobs. 

So what makes a good or bad job? 
If it fits into the foundry line, if it 
can be run in standard equipment, 
if it pays a profit, then it is a good 
job. In other words, any job that 
can be run at a profit is a good job. 


memo 


To: Modern Castings 
Readers 


From: the Editor 


MODERN CASTINGS entire 
collection of Bonus Sect- 
tions published for two 
and a half years comprising 
24 sections of 384 pages 
has been combined into one 
attractively covered vol- 
ume and is being offered at 
a price of $1.00. Prices 
for single copies, for 
groups, and for the total 
collection are shown. 


METALLURGY 


Foundry of Tomorrow (24 pp) 
by Dan L. Smith $0.75 
Technology for Casting Titanium (16 pp) 
by G. -s Senge, R. M. Lang, se 
J. G. 0.5 
Special won & Accessories (12 PB). 
35 
ny Quality Brass and Bronze Cast- 

(12 pp) 

y R. A. Colton and F. L. Riddell 0.35 
Castings Engineered for Industry (28 pp) 
0.85 


Heat Treating in Malleable Iron 
wens (oe pp) 
2. = “% L. E. Emery, F. W. 
Jacobs, L. Jenkins, G. B. tik 
weiler, Wm. zen 0.50 
Die Casting (12 pe) 
by Gustav Li 0.35 
Complete group of seven Bonus — 
$3.5 


MOLDING 


hoot Materials, Methods, Machines 
16 Pp) 
by R. W. Heine and P. C. Rosenthal 


$0.50 
nang | ;_—— (8 pp) 
by Leaman and D. C. Ekey 0.25 
Cus blowing ue pp) 
by A. M. Clark 0.50 
CO} Process (16 pp) 
by D. V. Atterton, T. E. Barlow, and 


Continued on page 118 
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FOUNDRY FACTS NOTEBOOK 
TENTATIVE METHOD FOR DETERMANATION OF 


9 The restraining load of a sand 
m measures the load in psi that is 
required to hold a sand test speci- 
men to a constant length when 
heated to an elevated temperature. 

The restraining load test values 
correlate well with mold wall frac- 
ture losses when a test temperature 
of 1800 F is used. 

The restraining load finds a good 
application to determine the cope 
scabbing tendency (cope spalling ) 
of a steel molding sand on a scab 
or no-scab basis. This type of scab- 
bing, or spalling, is due to expan- 
sion. So-called scabbing due to 
erosion, or gas pressure, is due to 
different mechanisms and cannot be 
evaluated by this test. The test is 
made at 1800 F furnace tempera- 
ture, green hardness as used in 
foundry, the restraining load is read 
at 30 seconds + 1 second tolerance. 
The average of 10 tests is to be 
used. 

The Committee’s findings showed 
that as a general index a sand with 
a restraining load in excess of 50 
psi, under conditions as specified, 
will scab in cope. For certain spe- 
cific steel castings it is well to de- 
termine the limit of restraining load 
value that a sand passes to work 
free of scab scrap losses. 

The restraining load test may be 
used to measure the scabbing, 
buckling and rat-tailing tendencies 
of iron molding sands. When a re- 
straining load test is used to meas- 
ure iron sands for mold fracture 
losses as described above, the test 
conditions are as follows: Furnace 
temperature, 1800 F; green hard- 
ness at value used in the foundry. 
Read restraining load at 15 second 
intervals up to 3 minutes and then 
take readings every 30 seconds up 
to a total of 5 minutes. Divide the 
sum of load readings by number of 
readings taken and record as re- 
straining load. Run two such tests 
and take the average of the two 
restraining loads as the index of 
mold wall fracture losses. 

The Committee’s findings showed 
that iron sands with an average re- 


RESTRAINING LOAD 








Founpry Facts Noresook is designed to bring you practical down- 
to-earth information about a variety of basic foundry operations. As 
the name implies, this page is prepared for easy removal and insertion 
into a notebook for handy future reference.—Editor. 





straining load of 7 psi or over have 
scabbing, buckling, and rat-tailing 
tendencies. The higher the average 
of the restraining load, the greater 
the magnitude of these losses. 


PHysicAL PROPERTIES OF IRON 
Founpry MOoLpINnGc MATERIALS 
AT ELEVATED TEMPERATURES 
ComniIrTtEE (8] ) 


Definition 


Restraining load as determined 
by this test is the load expressed in 
psi that is required to be placed on 
a 1-1/8 in. x 2 in. specimen to 
cause the hot deformation of the 
sand to absorb the expansion of 
the sand while length of test spec- 
imen is held constant. Time, green 
hardness and furnace temperature 

re to be stated with the restrain- 
ing load. 


Equipment Specifications 


A dilatometer consisting of a 
radiant-type furnace capable of 
operating up to 2500 F, a means 
for measuring the load, a means of 
measuring the temperature within 
the furnace, and controlling the 
temperature at a predetermined 
temperature. 

An example of a suitable set-up 
is illustrated. 


Preparation of the Test 
Specimen 
The test specimen is to be the 
AFS Tentative Standard 1-1/8 in. 
x 2 in. formed in a ground and 
hardened steel specimen tube. 
The sand is to be passed through 
a 6-mesh screen and sealed in an 
air-tight container. The test speci- 
mens are to be rammed within six 
hours of the time that foundry 
molds are made, providing labora- 
tory test data is to be correlated 
with casting quality. 


The test specimens are to be 
rammed with the AFS Tentative 
Standard 1-1/8 in. x 2 in. sand 
rammer, mounted on a concrete or 
steel pillar or a rammer sub-base. 

The specimens are to be rammed 
to the same hardness to which the 
sand will be or was rammed in the 
foundry, When the sand rammer 
is equipped with an adjustable 
ramming device, trial and error 
specimens are rammed until the 
adjustable ramming device is set 
to correct height to produce the 
desired green hardness. In cases 
where sand rammer is not equipped 
with adjustable ramming device, 
one can obtain adjustable weight 
drop distances by bolting 1/2-in. 
washers together. Place the assem- 
bled washers under rammer weight 
and suddenly pull washers out to 
cause weight to fall. 

The hardness of the test speci- 
men is measured by stripping the 
specimen, so that the top of the 
specimen is flush with the top of 
the specimen tube. Press hardness 
tester against top of the specimen. 

Test Procedure 

With furnace and _ refractory 
posts in test position, hold at se- 
lected temperature for one hour 
before starting test. Thermocouple 
for measuring the temperature of 
the sand specimen should be lo- 
cated at the horizontal centerline 
of the specimen, not over 3/4-in. 
from the outside diameter of the 
specimen. 

Ram the test specimen and then 
place a 1-1/8 in. diameter by 1/2- 
in. high refractory disc with convex 
face on top of the specimen. Next, 
set specimen on a flat refractory 
disc of same dimensions. 

Immediately place the specimen 
with the discs in the furnace. Cause 
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Dilatometer arranged for Restraining Load Test. 
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\ PRESSURE GAGE 


both refractory posts to make firm 
contact with the specimen and r 

fractory discs. This is accomplished 
by applying a 1 psi load. Record 
dial indicator reading at start, or, if 
leformation recorder is used to 
measure the length of the test 
specimen, rotate recorder drum to 
indicate pointer position at start. 
Time for this operation is not to 
exceed 5 seconds. 

Immediately start a stopwatch 
and apply sufficient load by means 
of a hand-loading device to caus« 
the length of the test specimen to 
remain constant within = 0.001 in. 
Any change in the length of the 
test specimen is shown by the dial 
indicator of the deformation re- 
corder. Adjust load to hold indi- 
cator reading constant. Record the 
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load in psi together with time of 


—— HAND PUMP 


John Grennan 


heating, furnace temperature and J. S. Groh 


vreen hardne SS 


At end of test re- 


move the specimen and discs 


W. A. Hambley 
Allan Johnson 
Burdette Jones 


Members, Committee 8-J D. J. Jones 


Authors of this Test 


L. E. Taylor, Chairman 

K. S. Brooker, Vice-Chairman 
C. E. Morrison, Vice-Chairman 
W. A. Spindler, Secre tary 
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R. W. Bennett 
C. L. Bowman 
J. W. Coffey 
H. W. Dietert 
R. L. Doelman 
J. A. Gitzen 
R. L. Gollmar 
R. A. Green 


». C. Halligan, Statistician 


D. RB. Jones 
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L. E. Taylor 

A. P. Volkmar 
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F. M. Scaggs 0.50 
Shell Molding Ideas (16 pp 

by G. P. Derby, W. S. Pellini, H. fF 

Bishop, R. E. Morey, and J E. Bolt 


0.50 
Complete group of five Bonus Sections 

$2.00 
TESTING 
Non-Destructive Testing (16 pp 

$0.50 


High Temperature Sand Tests (12 pp 
by H. W. Dietert, V. M. Rowell, and 


4. L. Graham $0.35 
Group of two Bonus Sections $0.75 
MANAGEMENT 
Marketing Your Product (16 pp 

by S. C. Massari $0.50 
Case Study Report on 3 Small Gray Lron 
Shops (16 pp 0.50 
Controlling Costs in the Foundry (16 pp 

by R. K. Dailey 0.50 
How to Improve Foundry Layout (12 p; 

by R. B. Sinclair 0.35 
Complete group of four Bonus Sections 

$1.60 


SAFETY, HYGIENE AND 

AIR POLLUTION CONTROL 

Stop Foundry Accidents (12 py $0.35 

Foundry’s Attack on Air Pollution (16 pp 
0.50 

Environment in the Foundry (32 pp) 1.00 

Noise Problem in Foundries (16 pp) 0.50 

Complete group of four Bonus Sections 
$1.90 


PATTERNMAKING, CORE BOXES 


Plastics, Revolution in Patternmaking 


(16 pp) 
by E. J. McAfee and K. A. Clinton 
$0.50 
Sealing Core Boxes Against Blow-By 
(12 pp 
by R. L. Olson 0.35 
Group of two Bonus Sections $0.75 


A complete set of 24 Bonus Sections, to- 
taling 384 pages, is available as a 
bound volume. $10.00 


To send in your order, 
remove this column from 
Foundry Facts Notebook, 
circle the price of items 
wanted, and mail to the 
Editor, Modern Castings, 
Golf & Wolf Rds., Des 
Plaines, Ill. 


Seno to: 
Company - = 
eee - 


eee 


RD cecietineinenieisitcti — ada 
(- Check enclosed [) Send Bill 
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NATIONAL FOUNDRY ASSOCIA- 
TION ... reports new officers of the 
National Castings Council are: G. E. 
Seavoy, Whiting Corp., Harvey, Ill; 
R. L. Gilmore, Superior Steel & Mal- 
leable Castings Co., Benton Harbor, 


Mich.; F. R. Fleig, Smith Facing & 
Supply Co., Cleveland and Frank 
Steinebach, Penton Publishing Co.. 


Cleveland. 


NATIONAL SAFETY COUNCIL... 
figures show foundry injury rates de- 
clined in 1957 with the frequency 
rate (number of injuries 
per one-million man-hours worked 
dropped 11 per cent and the dis- 
abling severity fell four per cent. 
In contrast, the frequency rate for 
all industry as a whole declined by 
only two per cent; the severity rate, 
one per cent. 


disabling 


INVESTMENT CASTING _INSTI- 
TUTE ... has completed two new 
investment casting metal  specifica- 
They are FE-3, for the cast 
nickel-chromium 
CU-2 investment casting 
specifications for beryllium copper. 


tions. 
stainless steel, and 


covering 


foundry 
frade news 


While castings are suc- 
cessfully cast to hundreds of alloy 
specifications, users have found they 


investment 


can expect increased economy and 
efficiency when they specify to the 
metallurgical requirements prescribed 
by the Institute, which are designed 
as an industry concensus of good prac 
tice for both the foundry and _ the 
user. ICI specifications are developed 
by the Institute’s Metals Division and 
are finalized after years of research 
and consultation with manufacturers 
and users in the industry. 


MAGNESIUM ASSOCIATION 

elected O. E. Grant president at it’s 
annual meeting held at Grove Park 
Inn, Asheville, N. C. Grant and other 
officers will be installed at a lunch- 
eon Association meeting during the 
annual convention Oct. 16-17. in De 
troit. Grant succeeds P. B. Craig 
head, Magnesium Products, Milwau- 
kee. Other officers elected were: 
N. G. Gzowski, Garfield Alloys, Inc., 
Cleveland; C. A. Hills-Mc- 
Canna Co., Chicago; John Thomson, 
Dominion Magnesium Ltd., Toronto, 
Canada. Newly elected directors 


Howe, 








This giant steel casting is one of eight sheaves being cast at the Coraopolis, Pa., 


ad 





foundry of Blaw-Knox Co. for the world’s longest vertical lift bridge—the Arthur 
Kill railroad bridge connecting New Jersey and Staten Island. Weighing 60,000 
Ib unmachined, the casting is over 16 ft in diameter and 31 in. deep. Sheaves 
will carry 1-1/2-in. diameter wire rope that will raise and lower 558-ft span. 














the early Bronze Age to 
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—as TIME-TESTED as the 
ANCIENT PYRAMIDS! # 


From the crude products of 
Modern jet-age technology 
the specialized, highly 
technical requirements 

of our present Atomic Age, 
Crucible Melting always has been the 

most flexible, reliable and economical 
means of obtaining high purity metal—in any 
quantity—quickly and economically. 


. . Standards that can be 
met easily and economically 
by Crucible Melting 


JOSEPA DIXON CRUCIBLE CO. 

ELECTRO REFRACTORIES & ABRASIVES COMPANY 
LAVA CRUCIBLE-REFRACTORIES COMPANY 
ROSS-TACONY CRUCIBLE CO. 

VESUVIUS CRUCIBLE COMPANY 
AMERICAN REFRACTORIES & CRUCIBLE CORPORATION 


@ ustne Mb anutacturers:& ssociation 


es CLIP and MAIL for FREE Brochure am ae cee ce me ee ee ee ee ee 
CRUCIBLE MANUFACTURERS ASSN. 

Rm. 2856, 11 West 42nd Street, WN. Y. 36, N. Y. 

@® Send ‘Crucible Charlie’ Brochure #1 ‘‘Crucibie Care’ 

@ Send ‘Crucible Charlie’’ Brochure #2 ‘‘Charging & Melting’ 

ESR EERIE SSS URES AMES Aueecereantonts oR remake ena on. ernie Moree RR TERETE ne 
SESE ee eee Eee ENON seni nr CSe ar, 
=a cas ciasis cnc benooscud sibs essouihmatenteeaaensonble ah abandalobibsadadadaie eats ceeamianaaae 
Slack soo be hnbnpbiceaeiased beanies STATE 
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demands even tighter tolerances 
on alloys, purity and temperature 











who assume office in October are 


Norton Watson, Robert Mitchell Co.., 


THE Montreal, Can.; A. W. Winston, Dow 


Chemical Co., Midland, Mich.; D. T. 





* Wellman, Wellman Bronze & Alumi- reliable 
Modern Air Compressor num, Cleveland; Paul Hargitt, Light 
Metals Inc Indianapolis; Arley source 


get the facts before you buy! Morse, Modern Light Metals, Colo- 

ees . ma, Mich.; J. A. Cosman, Superior for ALL 
Bearing Bronze Co., Woodridge, N 
J. and George Kurr, Federated Met 

ils, Div. A. S. & R., New York SILICATE 
MALLEABLE FOUNDERS’ SOCIE- 
TY .. . Cleveland, elected R. W. 
Crannell, Lehigh Foundries Co., Div. 
Lehigh Inc., Easton, Pa., _ presi- 
dent at its annual meeting in June. 
Crannell has served as vice-president, PQ specializes in soluble silicates. You are sure to 
a member of the board of directors get the right one for your use, plus information on 


and on the market development coun- natty ies eeamertion 0 tate Gaue enncatinne 
‘hye ‘ erties C ere ; 
cil of the Society. He succeeds P. C. 7 a - . P 





DeBruyne, Moline Malleable Iron Fast deliveries of bulk or carload and truckload in 
Co., St. Louis. DeBruyne, in his drums are available direct from our plants in 
year-end report to members stated Anderson, Indiana; Buffalo, N. Y.; Baltimore, Md.; 


the research program has advanced 


, to the point where definite results 
Stationary units ore available in 20 to 125 h.p. @ 125 p.s.i. will 


Chester, Pa.; Jeffersonville, Ind.; Kansas City, 
Kansas; Rahway, N. J.; St. Louis, Mo.; Utica, Ill. 





be forthcoming, especially in 
machining characteristics of malleable When it’s silicate service you need, contact PQ. 
iron and elevated temperature be- 
havior studies. 


Y Silent... vibrationless . . . compact 


~ Complete line ...2 to 125 h.p.... 8 to 500 
c.f.m. @ 125 p.s.i. 









| PHILADELPHIA QUARTZ COMPANY 
1125 Public Ledger Building, Philadelphia 6, Pa. 


PQ SOLUBLE SILICATES 


9 PLANTS e« DISTRIBUTORS IN OVER 65 CITIES 
Circle No. 430, Page 7-8 


¥ Nocomplicated engineering...no compressor 
room... no foundation 


Y Easy to install and operate 


Air cooled or water cooled 


CHAIN 
TEST MOVING 
CONVEYOR for OVERLOAD 


Regardless of requirement, your demands 






can be met with the all new Davey Compressor. 


Here is the only really modern compressor 
being offered to industry. Compactness, 
longer life, lower operating costs and lower 
initial costs are just a few of the advantages 
. .. Don't buy before you have the full story 


: ; J. H. Smith . . . general manager, Central 

of what a Davey unit can do for you. Write Foundry Div., GMC, Saginaw, Mich., right, 
. receiving the 1958 McCrea Medal in rec- 

or phone today for Bulletin M-132! AA.6xs2 egnition of eutetending service to the melie- 
‘ able iron castings industry. The Malleable 


Founders’ Society's top award is being pre- 
sented by C. L. Carter, president, Albion 
Malleable Iron Co., Albion, Mich., at the So- 
ciety’s Annual Banquet in June. Smith is the 
12th foundrymen to be so honored since 
establishment of the award in 1946. He has 


served as director, president and is now D ¢ 
chairman of the Society finance committee. ynamome er Now you can take frequent 


Distributors in 
all principal cities. 


Tank-mounted rotary 





compressors cre In addition, he is past-president of the accurate checks on conveyor chains and put a stop to costly breakdowns! 

available in 2 to 5 Foundry Educational Foundation; regent of No need to halt, break or loosen conveyors to attach this DILLON 

h.p. @ 100-200 p.s.i. General Motors Institute; a past AFS director; DYNAMOMETER. Utilizing a quickly positioned tensioning assem- 

. and a member, AFS Saginaw Valley Chapter. bly at any check point, you install the DILLON DYNAMOMETER 

eveseeeeeesrereeece At the 1953 AFS Convention he was awarded in 45 to 60 seconds while conveyor is moving. Remove it just as 
the Peter L. Simpson Gold Medal, and was quickly and easily! 

the 1953 Charles Edgar Hoyt annual lecturer. This is just ONE of more than 100 different ways in which the ver- 


satile DILLON DYNAMOMETER can 

serve in your plant. Capacities from as 

GRAY IRON FOUNDERS’ SOCIETY | low as 500 Ibs. up to as high as 100,000 
. _W i - | 

recently conducted a series of penta Rane danay chy +: lion aaa 


= f a: 7 | : , ' illustrated catalog in full color? 
pine! DAVEY COMPRESSOR CO.) ceprecentatives from eves 150, on | 
(ere) Ket Oi Je paident Richwond rounds | MMOLE 
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INDUSTRIAL DIVISION 





KESWICK ST., 
VAN NUYS, CALIF. 
(Suburb of Los Angeles) 























Mfg. Co., Richmond, Va., and head- 


Me oe rehmondl Var and bee | New OLIVER Lathe turns large patterns 
tured speakers at the business ses- P 
f OT i sions held in Monterey, Calif., Wau- Chile Gives Waciiecsian tethe- te accurately and quickly 


kegan, Ill.; Fort Wayne, Ind. and ond 68 © camateee Cen Ee cao 
Pottstown, Pa. President Parrish high- 4 


, eet “Testi shops that has the latest engi- 
lighted the significance of the Soci- : d 

rs : . : : neering developments. Four sizes: 
ety’s major programs in his talks and 16” and 20” swing with 8 beds; 
emphasized advantages of foundry- 


24” and 30” swing with 10’ beds. 


men working together for the over-all Chelee of 3 drives to give 4, 8 end 
good of the industry. ; 16 spindle speeds. Oliver Lathes 
D. H. Workman, executive vice- are used in leading pattern shops. 


president, explained how industry’s Write for Bulletin No. 20. 


trade association activities have been 
ee members improve profitable OLIVER MACHINERY CO. 
sales. : 7 GRAND RAPIDS 2, MICHIGAN 
Quality and Cost Control Through Circle No 


Engineering, was discussed by C. F. 

Walton, G.I.F.S. technical director Castings Congress attracted many vis 

and editor of Gray Iron Castings itors hoping to win the “guessing con 

Handbook. Walton particularly point test.” Booth had an antique apothe 

ed out the importance of proper cary jar which held 200 lb “T” shot 

utilization of technical personnel in and contest was to guess correct 

achieving quality and cost controls. number of shot contained. Many slide 

At the Pottstown meeting, R. C. Me rules were in evidence as engineers 

loy, marketing director, spoke on tried to get the right answer. The 

Selling More Castings Profitably. The prize—the one-millionth General Elec 

meetings will be repeated and two tric Co. portable television set—was 

more sessions are planned. won by Hugh Rudder, foundry su- Hugh Rudder, second from right, admires 
perintendent, Massillon Steel Castings nis prize portable TV won from National 

I. S. Spencer’s Sons, Inc. . . . Guil Co., Massillon, Ohio, with his esti Meta! Abrasive at AFS 62d Castings Congress 

ford, Conn. is commemorating _ its mate of 1,976,471. The official count wr on to nigel, are, Maree Sings, 

100th year of service. was 1,984,046 shot but the question a et a oe 


'es Foundrymen most observers asked was how the odin : we 


National Metal Abrasive Co. . . delicate bottle was filled without be- 


Cut Costs with Cleveland, exhibit at the AFS 62d ing broken. 


Ajax Lo-Veyors | J 


_ she be NO. 1512 


== pyone our | MEA BUEHLER POLISHING DESK 


é ih _ AJAX MAN . . R 
TO GO TO ...with matching storage cabinet... 











\ \ 


\ a Y 


re WORK 
(\ FOR YOU 
or maximum efficiency in the production of 


Your local AJAX man is quali- specimens in the metallurgical laboratory the Buehler cabinet type polishing 
fied to help you. AJAX Vibra- table with companion storage cabinets represents the latest modern develop 


; aaa . ; ment of this type of equipment 
ung Conveyors are sold by a The convenience of this streamlined polishing equipment saves time and encourages 


nationwide organization of the operator to produce the highest quality of polished sample 
representatives who are able, Item No. 1511 is a two-unit polishing table with Formica top approximately 60” long 
through field experience and x 27” deep by 30” high to table top. Two 12” swing spouts, drain, 8” diameter wash bowl, 


sas : lumbing and wiring 
trainin ive you c >= : ; 
. > © ore 3 —_ Recommended accessories to complete an efficient set up for maximum convenience 


tent assistance in selecting the are: No. 1512 storage cabinet with recessed light and No. 1513 supporting panel for / 
most economical and efficient installation above polishing desk. Or, No. 1514 floor model storage cabinet. Both these ‘ 
conveying equipment. Cut cabinets can be used together to advantage in most laboratories ¥ 
rd — 
-* 


your non-productive handlin The Formica top and back on the table and cabinet is installed with a smooth 
3 & Formica edge that eliminates all metal rims that may form pockets for water and 

costs...write for catalog and dirt. Covers are held in place on the back by magnetic holders. The large 8” wash bow] 

name of your AJAX Conveyor is a new feature that enables the operator to use both hands in washing specimens 


man. All metal construction finished in hammer tone grey makes a very attractive 
_ a appearance. Prompt delivery can be made on these new items 
The Buehler Line of Specimen Preparation Equip t Includ - « » Cut-Off Machines 
| Specimen Mount Presses © Power Grinders © Emery Paper Grinders © Hand Grinders ¢ Belt 
Surfacers * Mechanical and Electro Polishers © Polishing Cloths © Polishing Abrasives 
. uhler td. 
| METALLURGICAL APPARATUS 
FLEXIBLE COUPLING CO. INC. © 2120 Greenwood Avenue, Evanston, Iilinois 


WESTFIELD, N. Y. 
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GOES OVER 
BIG for 


wheeling 


and dumping 
heavy materials 





Specify Sterling No. 119 
HEAVY-DUTY CART 
Preumotic-tired wheels or steel wheels 


Here's a cart that’s “tailor-made” for wheel- 


ing coal, scrap, chips, turnings, borings and 





similar heavy materials. All-steel, completely 
welded and reinforced. Made extra strong and 


rugged for heavy-duty service. Dumps easily. 


Write for Rests securely in any one of the three posi- 

Bulletin or tions shown here. Available with steel wheels 

see acarest or pneumatic-tired wheels . . . plain or roller 
decler. 


bearings. 

STERLING NATIONAL 
INDUSTRIES, Inc. 
Founded 1904 as 
Sterling Wheelborrow Co. 


MILWAUKEE 14, WIS..U.S.A 


Some creas open 
for dealerships. 












STERLING O 


ows 
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STANDARD 


does it again! 
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The 90° bend under the head simplifies your oper: 
etion and places the chill where it belongs. The 
Koolhead 90°" will perform two duties: (1) a chill 
and (2) holding the sand on the surface of the mold. 
We feature clean, bright finished Horse Nails and 
can furnish the new bent head in any of the various 
*Koolhead’ types 







Write for samples 


and prices. 


NN 


ORSE NMA/L CORP 
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REPORT ON CASTING TECHNOLOGY 


Continued from page 107 
con alloys opens up a whole new field 
for anodized castings which will com- 
pete with sheet and extrusions. Com- 
petition will become stiffer between 
stampings and die castings, due to 
favorable economies of the vacuum 
die casting technique applied to die 
casting. 


Progress in Vacuum Die Casting, 
D. Morgenstern, Nelmor Mfg. Corp., 
Euclid, Ohio 

The use of vacuum in the die cast- 
ing process has been a major break- 
through in the ability of the die caster 
to produce better castings at a lower 
cost. The very nature of the die cast- 
ing process has within itself the seed 
for trouble, due to the fact that when 
molten metal is injected into dies at 
high pressures and speed, the possi- 
bility of removing entrapped air and 
gas is limited. The sudden injection 
of molten metal upon relatively cold 
dies causes any escape vents for air 
to be seated by the first flush of metal 
spraving into the die 

The cold chamber machine, equip- 
ped for the vacuum process, presents 
for the first time a truely universal 
machine in its ability to run alum- 
inum, zinc and magnesium on_ the 
same equipment. Long _ production 
runs On zinc parts have been madi 
on a prototype machine, showing com- 
parable speeds on medium and heavy 
section zinc parts to a hot chamber 
machine. The hot chamber machine 
still is needed to produce thin wall 
“3 } } 


Z sections needing 


rdw are finis] 


Die and Permanent Mold Cast- 
ing of Non-Ferrous Metals in the 
United Kingdom, L. |. Brice and 
G. A. Broughton, Ministry of Supply, 
England. 

Standard alloys in current use for 
die and permanent mold casting are 


aluminum, magnesium, zinc and 


cop- 
per. 

Permanent mold castings have been 
ide to replace the aluminum bronz 
pulley wheels and the case hardened 
steel bearing sleeves. Die castirg 
have been produced for small worm 
wheels and as a replacement of zinc 
or aluminum alloys for small housings 
which originally incorporated bronze 

bushes cast in as inserts. 

Experiments have been made in die 
casting aluminum bronze, but there is 
no current production since it does 
not appear to have sufficient advan- 
ages over sand castings. 

Now that electricity supplies are 
adequate and are comparatively free 





from break-down, there is increasing 
interest in electric heating. 


Experiences in Non-Ferrous Die 
Casting Die & Permanent Mold 
Life, G. Otto, Maytag Co., Newton 
lowa. 

The type of die maintenance which 
is the most repetitive is that due to 
soldering of aluminum to the steel! 
die. It has been observed that the less 
the draft on dies, the more severe is 
the soldering. It is preferable to work 
with drafts ot 3 degrees or more on 
die casting dies. Dies with this large 
a draft would last much longer than 
some dies which have to be built with 
drafts of one-half degree. 

The temperature of the die plays a 
very important part of the die life. 
The practice is to attempt to hold an 
aluminum die casting die at 400 F 
(204 C). If the die runs hotter, seri- 
ous soldering is encountered. It is 
felt that the practice of water spray- 
ing contributes a great deal to reduced 
maintenance costs and improved die 


life. 


Melting Practice for Aluminum 
Casting Alloys, \V. N. Brammer, 
Apex Smelting Co., Cleveland. 

Aluminum alloys have three charac- 
teristics which must be guarded 
against in order to produce good 
quality castings: 

1) the tendency of molten alumi- 
num to absorb hydrogen, 

2) the ability of aluminum to oxi- 
dize readily, 

3) the ease with which molten 
aluminum dissolves iron. 

Cleanliness in the handling and 
melting of aluminum and _ positive 
temperature control are necessary. 

Sludging must be avoided. Sludg- 
ing results when the heavier elements 
in the alloy, such as Fe, Mn and Cr, 
are not brought to a _ temperature 
hot enough to effect solution. 

Overheating has three pronounced 
detrimental effects: 

1) absorption of gas, 

2) coarse grain structure, 

3) oxidation. 

Proper fluxing can effect removal 
metallic oxides and foreign mater- 
ial and reduces gas porosity. 


t 
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Heat Transfer 


Reiationship of Interface Tem- 
perature and Solidification, V. 
Paschkis and J. W. Hlinka, Columbia 
University, New York. 

The value of the interface tempera- 
ture between melt and mold has a 
marked affect on the rate of solidifi- 





cation. An investigation was initiated 
+ 


to study the influence of interface 
temperature only on pure metals 
freezing at a constant temperature 
rather than for allovs 


te) 
i range 


freezing over 


Results are shown for iron, cast in 
sand or chill and two other molds. 
Pure iron is not technically  signifi- 
cant; yet the results should be of 
considerabk because they 
hold, at least qualitatively, also for 
steel and are directly indicative of 
non-ferrous pure metals, such as alum- 
inum 


interest 


A generalized chart was developed 
which allows the determination of the 
total freezing time for a large slab 

no end effects) of any pure material 

or eutectic alloy cast in a_ sufficient 
mold of any material, provided the 
conductivity of the solid casting is 
twice that of the liquid. This latter 
issumption probably holds for many 
metals. 


Ladle Heating in the Foundry, 
R. B. Renda, Purdue University, W. 
Lafayette, Ind., and W. M. Zeunik, 
National Malleable & Steel Castings 
Co., Indianapolis 

The manner in which the ladles 
ire being heated at the present time 
ladle right side up, lid on and closed 
flame applied at the lip of the ladle) 
is the most efficient. Explanation for 
this is that it is possible to maintain 
a balanced or slightly positive inter- 
nal pressure in the ladle by this meth- 
od. Also there is a radiant heat ex- 
change between the red-hot lid and 
the lining of the ladle. 

{4 comparison of results obtained 
from three different burners points to 
one of the aspirator type as the most 
efficient and economical under the 
conditions employed. To reach a max- 
imum temperature of 1600 F with 
a premixing burner required one hr 
and 30 min heating at a cost of 10 
cents. 

The aspirator type burner required 
a heating period of only 35 min to 
reach a maximum temperature of 
1700 F at a cost of only eight cents. 
With another burner 1-1/2 hr of heat- 
ing brought the maximum tempera- 
ture to 1600 F at a cost of 20 cents. 

These costs compare with 24 cents 
for heat lost from molten iron to the 
lining of an unheated ladle. 


Hygiene 


Noise Induced Hearing Loss, 
E. L. Walsh, M. D., International 
Harvester Co., Chicago. 

Deafness due to excessive noise ex- 
posure is permanent; the only treat- 
ment is prevention. For this reason 
industrialists are urged to do some- 


thing about the problem. It will usu 
illy cost more not to act than to 
correct the situation. 

The ideal method of control is at 
the source. Redesign of equipment 
substitution of non-vibrating materials 
for metallic parts, isolation of the 
process automation or use ot sound 
absorbing media may be used. 

If engineering and environmental 
control measurers fail to eliminate the 
hazard, personal protective measures 
may be considered. Ear plugs or muffs 
are helpful. A successful noise hazard 
elimination program must have pri 
marily the active interest and partici 
pation of management. 


New Spectrometer Breaks 
Inspection Time-Barrier 


® Speed is a criterion for aircraft and 
missiles; it is also the common denomi 
nator of competitive techniques for 
chemical analysis. In the past two 
vears, MopERN Castincs has featured 
articles describing: complete chemical 
analyses in 45 min, 5-min wet analy 
ses and 10-second chemical analvses 
with x-rays. 

But now we have the undisputed 
winner in this race with the clock—a 
new device so fast it can complete a 
chemical analvses in one ten-thou 
sandth of a second! The instrument is 
an electronic instrument—a mass spe 
trometer developed by Bendix Avi 
ation Corp.—capable of analyzing an 
instantaneous sequence of chemical 
reactions such as take place in the 
explosion of rocket fuels. It will have 
numerous applications in the science 
of missiles ad rocketry as well as aid- 
ing in the study of extremely rapid 
metallurgical reactions. 

Returning from “cloud 7” to ow 
own earth-bound metal-casting indus 
try, we find speedy analyses essential] 
in many of our foundries. At Goltra 
Foundries, Inc., Barrington, Ill., 2- 
minute carbon analyses are being 
made by: 

1) pouring a furnace sample of plain 
carbon steel into a water-cooled mold; 

2) determining its Rockwell hard- 
ness; and 

3) reading carbon content from a 
calibrated carbon vs hardness curve. 

Where manpower becomes a prob- 
lem in plants requiring a large number 
of analyses, you can benefit from the 
experiences of Caterpillar Tractor Co., 
Peoria, Il. 

In their new Metallurgical & Ma- 
terials Testing Laboratory, using the 
latest techniques, the number of 
chemical determinations per man shift 
are: 17 by wet chemistry; 240 by film- 
type spectroscope; and 1600 with the 
direct reading spectroscope! 








. HOLTZMAN 
METAL CO. 


SMELTERS AND REFINERS 


SINCE 1900 
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HOLMCO 
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GUARANTEED Brass, Bronze and 
ALUMINUM INGOT to your specifica- 
tions IMPROVED WITH FACTOR “xX”! 
Send us a sample order! If you want te 
improve the quality of your finished 
products at no additional cost let us 
show you what HOLMCO ingot, im 
proved with Factor ''X'’ can mean to you 
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For Sale, Help Wanted, Personals, Engineering Service, etc., set solid 
. . 25¢ per word, 30 words ($7.50) minimum, prepaid. 


Positions Wanted . . 10c per word, 30 words ($3.00) minimum, prepaid. Box 
number, care of Modern Castings, counts as 10 additional words. 


1-time, $18.00; 


Display Classified . . Based on per-column width, per inch . 








6-time, $16.50 per insertion; 12-time, $15.00 per insertion; prepaid 


GRAY IRON FOUNDRY SUPERINTENDENT 
Well-established Chicago gray iron foundry 
pecializing in job-lot production of the high- 
est quality machine tool castings, is seeking 
a foundry superintendent. Applicant must have 
a sound knowledge of foundry practice and at 
least ten to fifteen years’ experience in medi- 
m and heavy casting work. Practical experi- 
ence in coremaking, molding, melting and 
leaning is necessary. Some technical training 
is highly desirable. Replies confidential. Send 
fully detailed resume giving experience, train- 
ine and salary requirements Address Box 
E-38, MODERN CASTINGS, Golf and Wolf 
Roads, Des Plaines, Ill. 

FOUNDRY METALLURGICAL ENGINEER 
Wanted—Foundry Metallurgical Engineer for 
non-ferrous foundry. Must have experience on 
problems of gating, risering, pouring, sands 
and cores. B.S. Degree in Engineering re- 
quired. Must have minimum of five years ex- 
perience. Age 25-45. Excellent opportunity for 
capable and energetic man. Salary open. Please 
reply stating your personal data, qualifications, 
experience, salary expected and availability in 


first letter. All inquiries will be held in strict 
ynfidence. Personnel Department, 1745 South 
38th Street, Milwaukee 46, Wisconsin 


MOLDING MACHINES WANTED One Mil- 
waukee Jolt-Squeeve Stripper Model 16 also 
one Osbort Roto-Lift Model 161 Address 
Box E-35, MODERN CASTINGS, Golf and 
Wolf Roads, Des Plaines, Ill 


TRANSACTIONS AFS back volumes and sets 

wanted to buy for cash, also other scientific 
and technical Journals. A.S.F. ASHLEY 7E 
21st Street, New York 10, N. Y 


ELECTRIC ARC FURNACE FOR SALE 
Two 2000 Ib sidecharge furnaces complete 
with transformers, extra tops and electrodes 
Low price for quick sale. FRED H. WUETIG, 
7445 South Chicago Ave., Chicago 19, Hlinois. 
HYde Park 8-7470. 


August 1958 + 123 











modern castings 











The accompanying chart is tangible evidence of PROG- 
RESS. It shows that, in eleven years time, FEF has 
stimulated enough interest among engineering colleges 
to increase the value of teaching facilities — foundry 
laboratories — over $1.616.000 


Its up to you . . . foundrymen, foundry equipment man- 
ufacturers, foundry suppliers . . . to keep this progress 
going 


FOUN ABORATORIES ~ VALUE OF FACILITIES 


$2,670,000 19568 


To determine your stakes in this worthwhile effort, write 
for booklet ‘Let’s Look Ahead”. 


You'll be glad you did. 


Foundry Educational Foundation 


1138 TERMINAL TOWER BUILDING ¢ CLEVELAND 13, OHIO 
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Chemical Milling Increases 
Use of Magnesium Thorium 


@ it is now possible to successfully 
apply chemical milling to the mid- 
dle range, high temperature resistant 
and mildly radioactive magnesium 
thorium alloys increasingly specified 
for aircraft and missile components. 

According to the United States 
Chemical Milling Corp., Manhattan 
Beach Calif., chemical milling of these 
alloys, which span the gap in the 
“strength-temperature” range between 
conventional aluminum and magnes- 
ium alloys, and heavier steel and ti- 
tanium allovs, eliminate health haz- 
ards and simplify machining. 

Critical strength temperatures for 
conventional aluminum and magnes- 
ium alloys are in the range of 300- 
350 F, while those of the new alloys 
are in the range of 350-500 F. 

Health hazards of the low radioac- 
tive rates of thorium elements in these 
alloys are mainly limited to internal 
radiation from inhaled dusts produced 
during grinding operations and fumes 
generated during welding and picking 
operations. The process is also free of 
combustion hazards that complicate 
the physical machining and welding of 
magnesium-based materials. 

In chemical milling, no dusts are 
produced and fuming is negligible. 
Disposal of incidental wastes accum- 
ulated is accomplished by standard 
methods. 

Company officials state that the 


sharply increased specification — of 


chemically milled magnesium thorium 
parts and components in newest mis- 
siles and high performance aircraft is 
evidence that the combination of new 
techniques developed for the new al- 
loys is having a strong impact on de- 
sign conceptual thinking. 


® For additional information on chemical mill- 
ing, circle A, page 7 and 8 





OUNDRY 
COKE 


S A MERCHANT producer serving the foundry industry, 

Pittsburgh Coke & Chemical Company takes special care 
to produce foundry coke of exceptionally high and uniform 
quality. 

And that means, among many other things, the selection 
and scientific blending of clean, washed coals containing a 
high percentage of low volatile Pocahontas. The result is a 
dense, strong uniform coke that has more fixed carbon and 
less ash and sulphur. 

The final proof of quality is in your cupola. NEVILLE 
Foundry Coke provides maximum temperature at the nose 
of the tuyere to give you hotter, cleaner, more fluid iron. 

The sale and use of NEVILLE Foundry Coke is backed 
by an experienced staff of Sales Representatives and Service 
Engineers familiar with cupola problems. We'd like to help 
you with your problems. Call or write today! 












Neville Pig Iron and Neville Coke for the Foundry Trade 
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At Campbell, Wyant and Cannon— 


Quality Control of 
camshafts starts with 


HANNA PIG IRON 


Campbell, Wyant and Cannon Foundry Company, 







division of Textron, Inc., has long been one of the 
world’s leading suppliers of automotive castings. And 
throughout their many vears of pioneering in metal- 
lurgy and foundry practice, Campbell, Wyant and 
Cannon has been a regular user of Hanna pig iron—both 
standard and silvery. 

Typical of C.W.C.’s precision prod iction In volume at 
their Muskegon, Michigan, foundry are cast camshafts, 


which were first introduced by C.W.C. to the automo- 
ve industry 25 vears ago and are now used through- 
out the world. 

Cu 


extremely precise. Dimension, composition, including 


stomers’ specifications for these camshafts are 


‘“usnBan ‘sBulysp>? usopow 


chemistry and metallurgical structure, hardness—all 
In one of the many testing procedure ploved to 
ssure that casting quality is up to specifications 
C.W. hrough the use of a direct reading spectrometer 
determines approximately every 20 minutes the analysis 
of samples en from electric furnaces and ladles. The 
commercial application of spectrographic analysis of 


metals in the foundry was first worked out by C.W.C 
in conjunction with the University of Michigan. Only 
metal made with pig iron of accurate analysis and 
superior uniformity, like Hanna pig iron, can pass this 
exacting quality control check. 

Hanna produces all regular grades of pig iron as well as 
HannaTite and Hanna Silvery. All grades are available 
in the 38-lb. pig and the smaller HannaTen 121>-lb. 
ingot. Your Hanna representative will be pleased to tell 
you more about the advantages of using Hanna pig iron. 


ulopoU 
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Vi f checks 
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THE HANNA FURNACE CORPORATION \_ eens 


Buffalo * Detroit * New York * Philadelphia 
Merchant Pig Iron Division of 





NATIONAL STEEL CORPORATION 











A few of the 50 mil- 
l on camshafts pro- 
duced by Campbell, 
Wyant and Cannon 
Foundry Company. 
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